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PREFACE. 


An  important  impi'ovement  in  liistological  technique,  made 
known  since  the  publication  of  the  last  Edition,  has  been 
effected  by  Gtlson's  new  mounting  media.  For  these  media — 
camsal  balsam  and  enparal — afford  a  ready  and  safe  means  of 
mounting  direct  from  alcohol,  without  the  intervention  of 
essential  oils  or  other  clearing  agents,  which  are  often  contra- 
indicated;  and  of  conferring  on  unstained  or  insufficiently 
stained  elements  just  the  required  degree  of  visibility,  thus 
enabling  us  to  see  details  which  are  invisible  in  the  usual 
mounts. 

Some  important  improvements  have  also  been  made  in  the 
silver  fibril  stains  of  Bielschowsky  and  Ramon  y  Cajal,  which 
have  now  become  less  capricious  methods  for  the  study  of 
neurofibrils,  and  valuable  aids  to  the  study  of  other  objects. 
I  have  given  these  methods  at  length,  abstracting  the  whole  of 
Ramon's  methods  from  the  latest  original  source.  The  sec- 
tions relating  to  neurofibrils  are  thus  almost  entirely  re-written, 
and  so  are  those  relating  to  blood  and  blood-parasites. 

If  these  are  the  only  novelties  of  much  importance  that 
have  offered  themselves,  yet  I  have  found  a  large  amount  of 
less  important  matter  that  it  has  seemed  desirable  to  include 
(the  Index  shows  moi-e  than  700  new  enti-ies).  I  have  been 
able  to  find  room  for  this,  without  increasing  the  size  of  the 
book,  partly  by  striking  out  some  supei-fluous  matter  (mostly 
of  merely  theoretical  interest),  and  partly  by  rigorous  con- 
densation of  the  text  and  not  a  little  typographical  compres- 
sion. To  my  satisfaction  I  find  that  this  condensation  and 
compression  is  not  to  be  regretted,  for  the  text  has  in  many 
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CHAPTER  I. 

INTllODOOTOBY. 

1.  The  General  Method— The  methods  of  modern  microscopic 
anatomy  may  be  rouglily  classed  as  General  and  Special. 
There  is  a  General  or  Normal  method  which  consists  in  care- 
fully fixing  the  structures  to  be  examined,  staining  them 
with  a  nuclear  stain,  dehydrating  with  alcohol,  and  mounting- 
series  ('/  sections  of  the  structures  in  halsam.  It  is  by  this 
method  that  the  work  is  blocked  out  and  very  often  finished. 
Special  points  are  then  studied,  if  necessary,  by  Special 
Methods,  such  as  examination  of  the  living  tissue  elements, 
in  situ  or  in  '''indifferent"  media;  fixation  with  special  fixing 
agents  ;  staining  with  special  stains  ;  dissociation  by  teasing 
or  maceration  ;  injection  ;  impregnation  ;  and  the  like. 

There  is  a  further  distinction  which  may  be  made,  and 
which  may  help  to  simplify  matters.  The  processes  of  the 
preparation  of  tissues  may  be  divided  into  two  stages.  Pre- 
liminary Preparation  and  Ulterior  Preparation.  Now  the 
processes  of  preliminary  preparation  are  essentially  identical 
in  all  the  methods,  essential  divergences  being  only  found  in 
the  details  of  ulterior  preparation.  By  preliminary  prepara- 
tion is  meant  that  group  of  processes  whose  object  it  is  to 
get  the  tissues  into  a  fit  state  for  passing  unharmed  through 
all  the  ulterior  processes  to  which  it  may  be  desired  to  submit 
them.  It  comprehends  the  operations  of  (1)  killing;  (2) 
fixing  ;  [S]  the  washing  and  other  manipulations  necessary 
for  removing  the  fixing  agent  from  the  tissues,  and  substi- 
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tubing  for  it  the  preservative  liquid  or  otlior  roaguut.s  svliicli 
it  is  desired  to  employ.  Ulterior  prepai-atiou  comprehends 
the  processes  sketched  out  in  §§  8  et  seq. 

2.  Preliminary  Preparation. —The  first  thing  to  be  done  with 
any  structure  is  to  fix  its  histokjgical  elements.     (This  state- 
ment applies  equally  to  all  classes  of  objects,  whether  it  be 
desired  to  cut  them  into  sections  or  to  treat  them  in  any  other 
special  way.)    Two  things  are  implied  by  the  word  "  fixing"  : 
first,  the  rapid  killing  of  the  element,  so  that  it  may  not  have 
time  to  change  the  form  it  had  during  life,  but  is  fixed  in 
death  in  the  attitude  it  normally  had  during  life;  and  second, 
the  hardening  of  it  to  such  a  degree  as  may  enable  it  to 
resist  without  further  change  of  form  the  action  of  the  re- 
agents with  which  it  may  subsequently  be  treated.  Without 
good  fixation  it  is  imjDossible  to  get  good  stains  or  good 
sections,  or  preparations  good  in  any  way. 

The  structure  having  been  duly  fixed  by  one  of  the  pro- 
cesses described  in  the  chapter  on  Fixing  Agents,  is,  except 
in  special  cases,  washed  in  order  to  remove  from  the  tissues 
as  far  as  possible  all  traces  of  the  fixing  reagent. 

The  kind  of  liquid  with  which  washing  out  is  done  is  not  a  matter 
of  indifference.  If  corrosive  sublimate  (for  instance),  or  osmic  acid,  or 
a  solution  into  which  chi'omic  acid  or  a  chrouiate  enters,  have  been  used 
for  fixing,  the  washing  may  be  done  with  water.  But  if  certain  otber 
agents,  such  as  picric  acid,  have  been  used,  the  washing  should  )je  done 
with  alcohol.  The  reason  of  this  difference  is  that  the  first-named 
reagents  (and,  indeed,  all  the  compounds  of  the  heavy  metals  used  for 
fixing)  enter  into  a  state  of  chemical  combination  with  the  elements  of 
tissues,  rendering  them  insoluble  in  water;  so  that  the  hardening 
induced  by  these  agents  is  not  removed  by  subsequent  treatment  with 
water.  Picric  acid,  on  tbe  other  hand,  produces  only  a  very  sliglit 
hardening  of  the  tissues,  so  that  the  tissue  elements  are  left  in  a  state 
in  which  they  are  obnoxious  to  all  the  hurtful  eifects  of  water.  Alcohol 
should  therefore  be  taken  to  remove  the  pici'ic  acid  imd  to  effect  the 
necessary  hardening  at  the  same  time. 

These  operations  having  been  duly  performed,  two  roads 
become  open.  The  object  may  be  further  prepared  by  what 
may  be  termed  the  ivet  method,  in  which  all  subsequent 
ojierations  are  performed  by  means  of  aqueous  media.  Or  it 
may  be  further  prepared  by  the  dehydration  method,  which 
consists  in  treatment  with  successive  alcohols  of  gradually 
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increasing  strength,  final  dehydration  with  absolntc  alcohol, 
imbibition  with  an  essential  oil  or  other  so  called  clearing 
agent  which  serves  to  remove  the  alcohol,  and  lastly  either 
monntino-  at  once  in  balsam  or  other  resinous  medium  or 

O 

imbedding  in  paraffin  for  the  purpose  of  making  sections. 
The  dehydration  method  is  the  course  which  is  generally 
preferred,  chiefly  because  of  its  great  superiority  as  regards 
the  preservation  of  tissues.  For  the  presence  of  water  is 
the  most  important  factor  in  the  conditions  that  bring  about 
the  decomposition  of  organic  matter,  and  its  complete  removal 
is  the  chief  condition  of  permanent  preservation. 

3.  Dehydration.— The  further  course  of  preparation  by  the 
dehydration  method  is  as  follows  : — At  the  same  time  that 
the  superfluous  fixing  agent  is  being  removed  from  the  tissues, 
or  as  soon  as  that  is  done,  the  ivater  of  the  tissues  mud  he 
removed.  This  is  necessary  for  two  reasons :  first,  in  the 
interest  of  preservation,  as  above  explained  ;  and  secondly, 
because  all  water  must  be  removed  in  order  to  allow  the 
tissues  to  be  impregnated  witli  the  imbedding  material 
necessary  for  section-cutting,  or  with  the  balsam  with  which 
they  are  to  be  finally  preserved.  This  dehydration  is  per- 
formed as  follows  : — The  objects  are  brought  into  weak 
alcohol,  and  are  then  passed  through  successive  alcohols  of 
gradually  inCi'eased  strength,  remaining  in  each  the  time 
necessary  for  complete  saturation,  and  the  last  bath  consisting 
of  absolute  or  at  least  very  strong  alcohol. 

In  dealing  witli  delicate  objects,  it  may  be  necessary  to  take  special 
precautions  in  order  to  avoid  injury  to  them  through  the  violent 
ditt'usion-cuiTents  that  are  set  up  in  the  passage  from  water  to  alcoliol, 
or  from  one  bath  of  alcohol  to  another  of  considerably  different  density. 
Some  kind  of  diffiision-appaiutus  may  conveniently  be  used  in  these 
cases.  The  objects  may  be  placed  with  some  of  their  liquid  in  a  tube 
corked  at  one  end  and  closed  at  the  other  by  a  diaphragm  of  muslin  or 
chamois  skin  or  other  suitable  membrane,  the  tube  being  then  immersed 
in  a  vessel  containing  the  grade  of  alcohol  that  it  is  desired  to  add  to 
the  liquid  in  the  tube,  and  the  whole  allowed  to  remain  until  by 
diffusion  through  the  diaphragm  the  two  liquids  have  become  of  equal 
density.  Or,  Cobb's  differentiator  (Proc.  Linn.  Soc,  N.S.W.,  v,  1890, 
p.  157;  Jourv.  Boy.  Mic.  Soc,  1890,  p.  821)  may  be  employed.  Or,  the 
apparatus  of  Haswell  {Proc.  Linn.  Soc,  N.S.W.,  vi,  1891,  p.  4'33; 
Journ.  Roij.  Mic.  Soc,  1892,  p.  696).  Or  that  of  Oheatle,  described  in 
Journ.  Pathol,  and  Bacleriol.,  i,  1892,  p.  253,  or  Journ.  Boy.  Mic.  Soc, 
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1802,  p.  81)2.  See  alBO  Schultze  {Zcit.  wins.  Mile,  ii,  1885,  p.  537) ;  and 
Susuicr,  ihitl,  1909,  p.  211 ;  Kolstbu  (iMd.,  xvii,  1900,  p.  291). 

The  "  SLobdoseii,"  or  sieve-dishes  of  Steinach,  Zimmickmann,  and 
SucHANNEK  (vide  Zcit.  wiss.  Mile,  iv,  1887,  p.  433,  and  vii,  1890,  p.  158), 
are  useful  for  many  purposes.  They  are  sent  out  iu  a  very  neat  form 
hy  Griihler  and  Co.  See  also  Tischatkin,  Hid.,  xxiii,  p.  45.  Faiuchii.d's 
perforated  porcehiin  cylinders  for  washing  {ibid.,  xii,  1896,  p.  301)  seem 
to  he  a  very  neat  idea.  See  also  the  similai-  device  of  Schafpkk  (ibid., 
xvi,  1900,  p.  422 ;  Journ.  Hoy.  Mic.  Soc,  1900,  p.  394).  For  Ewald's 
section-wasliiug  apparatus,  see  Zeit.  Biol.,  xxxiv,  1897,  p.  204. 

That  of  ScHOEBEL  (ibid.,  xx,  1903,  p.  168)  is  simple  and  efficient;  as 
also  that  of  Kriegbaum  {ibid.,  xxvii,  1910,  p.  504). 

A  capillary  siphon  for  the  aspiration  of  liquids  in  the  fixing,  staining, 
and  washing  of  suspended  Llood-corpuscles,  sperm-cells,  protozoa,  and 
the  like,  is  described  by  Ewald,  ibid.,  p.  253. 

It  is  sometimes  stated  that  it  is  necessary  that  the  last 
alcohol-hath  should  consist  of  absolute  alcohol.  This,  how- 
ever, is  incorrect,  a  strength  of  95  per  cent,  being  sufficient 
in  most  cases.  For  the  small  amount  of  water  that  remains 
in  the  tissues  after  treatment  with  these  grades  of  alcohol  is 
efficiently  removed  in  the  bath  of  clearing  agent  if  a  good 
clearing  agent  be  employed.  Oil  of  cedar  will  remove  the 
remaining  water  from  tissues  saturated  Avith  95  per  cent, 
alcohol ;  oil  of  bergamot  will  "  clear "  from  90  per  cent, 
alcohol,  and  anilin  oil  will  clear  from  70  per  cent,  alcohol. 

I  am  not  aware  of  any  substance  that  can  entirely  take 
the  place  of  alcohol  for  dehydration  and  preservation.  Ace- 
tone and  methylal  have  been  substituted  for  alcohol  in  the 
dehydration  of  methylen-blue  preparations  (Parker,  Zool. 
Aiiz.,  403,  1892,  p.  376),  and  anilin  oil  can  be  made  to 
dehydrate  watery  sections  if  they  be  first  mopped  up  with 
blotting-paper  ;  but  a  really  efficient  substitute  for  alcohol 
in  general  work  remains  yet  to  be  discovered. 

4.  Preservation. — Considered  as  a  mere  dehydrating  agent, 
alcohol  fulfils  its  functions  fairly  well.  But  considered  as  a 
histological  preservative  agent,  it  is  far  less  satisfactory.  If 
tissues  be  left  in  alcohol  for  only  a  few  days  before  further 
preparation,  injur-ious  effects  will  perhaps  not  be  very  dis- 
agreeably evident.  But  it  is  otherwise  if  they  are  put  away 
in  it  for  many  weeks  or  months  before  the  final  preparation 
is  carried  out.  The  dehydrating  action  of  the  alcohol  being 
continuously  prolonged,  the  minute  structure  of  tissues  ia 
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sometimes  considerably  altered  by  it ;  tliey  become  over-hard 
and  slirink,  and  become  brittle,  and  their  capacity  for  taking 
stains  well  becomes  seriously  diminished.  Kultschitzky 
fZelt.  triss.  Mile,  iv,  1887,  p.  349)  has  proposed  to  remedy 
this  by  putting  up  objects  after  fixation  and  washing  out 
with  alcohol  in  ether,  xylol,  or  toluol.  Flemming  [Arch, 
mih.  Anaf.,  xxxvii,  1891,  p.  685)  advises  putting  up  objects 
after  fixation  in  a  mixture  of  alcohol,  glycerin,  and  water, 
in  about  equal  parts,  pointing  out  that  objects  thus  preserved 
may  be  at  any  moment  either  prepared  for  sectioning  by 
treatment  with  pure  alcohol  or  softened  for  dissection  or 
teasing  by  a  little  soaking  in  water,  and  that  they  do  not 
become  so  hard  and  brittle  as  alcohol  specimens,  and  retain 
their  staining  power  much  better.  After  extensive  experience 
of  this  plan  I  can  recommend  it,  and  would  only  further 
suggest  that  the  action  of  the  liquid  seems  to  me  to  be  in 
many  cases  much  impi^oved  by  addition  of  a  little  acetic  acid 
(say  0-5  to  0-75  per  cent.). 

For  material  that  is  intended  only  for  xecMon-cdUting,  I 
find  that  by  far  the  best  plan  is  to  clear  (next  §)  and  imbed 
at  once  in  paraffin.  This  affords,  as  far  as  I  can  see,  an 
absolutely  perfect  presei^vation.  Cedar-wood  oil  is,  I  find, 
nearly,  if  not  quite,  as  good  as  paraffin,  so  far  as  the  preser- 
vation of  the  tissues  is  concerned,  but  of  course  it  is  not  so 
handy  for  stoi^ge.  ■ 

5.  Removal  of  Alcohol;  Clearing.— The  water  having  been 
sufficiently  removed,  as  described  in  §  3,  the  alcohol  is  in  its 
turn  removed  from  the  tissues,  and  its  place  taken  by  some 
anhydrous  substance,  generally  an  essential  oil,  which  is 
miscible  with  the  material  used  for  imbedding  or  mounting. 
This  operation  is  generally  known  as  Clearing.  It  is  very 
important  that  the  passage  from  the  last  alcohol  to  the  clear- 
ing agent  be  made  gradual.  This  is  effected  by  placing  the 
clearing  medium  under  the  alcohol.  A  sufficient  quantity 
of  alcohol  is  placed  in  a  tube  (a  watch-glass  will  do,  but 
tubes  are  generally  better),  and  then  with  a  pipette  a  suffi- 
cient quantity  of  clearing  medium  is  introduced  at  the  huttom 
of  the  alcohol.  Or  you  may  first  put  the  clearing  medium 
into  the  tube,  and  then  carefully  pour  the  alcohol  on  to  the 
top  of  it.     The  two  fluids  mingle  but  slowly.     The  objects 
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to  be  clcareclj  being  now  qnicfcly  pnt  into  the  supernatant 
alcoliolj  float  at  the  surface  of  separation  of  tlio  two  fluids, 
the  exchange  of  fluids  takes  place  gradually,  and  the  objects 
slowly  sink  down  into  the  lower  layer.  When  they  have 
sunk  to  the  bottom,  the  alcohol  may  be  drawn  off  with  a 
pipette,  and  after  some  further  lapse  of  time  the  objects  will  be 
found  to  be  completely  penetrated  by  the  clearing  medium. 

This  method  of  making  the  passa,ge  from  one  fluid  to 
another  applies  to  all  cases  in  which  objects  have  to  be 
transferred  from  a  lighter  to  a  denser  fluid — for  instance, 
from  alcohol,  or  from  water,  to  glycerin. 

This  is  a  convenient  stage  for  carrying  out  ininnte 
dissections,  if  any  such  have  to  be  done,  a  drop  of  cleariiig 
agent  being  a  most  helpful  medium  for  carrying  out  such 
dissections  (see  §  9). 

At  this  point  the  course  of  treatment  follows  one  of  two 
difi'erent  roads,  according  as  the  object  is  to  be  mounted 
direct  in  balsam  (§  8),  or  is  first  to  be  sectioned  (§  6). 

6.  Imbedding',  and  Treatment  of  Sections. — The  objects  are 
now  imhedded.  They  are  removed  from  the  clearing  medium, 
and.  soaked  until  thoroughly  saturated  in  the  imbedding 
medium.  This  is,  for  small  objects,  generally  jDaraffin, 
liquefied,  by  heat,  and  for  large  objects  either  paraffin  or  a 
solution  of  collodion  or  "celloidin"  (in  this  latter  case  the 
clearing  may  be  omitted  and  the  tissues  be  imbedded  direct 
from  the  alcohol).  The  imbedding  medium  containing  the 
object  is  then  made  to  solidify,  and  sections  are  made  with  a 
microtome  through  the  imbedding  mass  and  the  included 
objects.  The  sections  are  then  mounted  on  a  slide  by  one  of 
the  methods  described  in  the  chapter  on  Serial  Section 
Methods,  the  imbedding  material  is  removed  from  them  (in 
the  case  of  paraflfin),  they  are  stained  in  situ  on  the  slide, 
dehydrated  with  alcohol,  cleared,  and  mounted  in  balsam  or 
damar.  Or  they  may  be  stained,  washed,  dehydrated,  and. 
cleared  in  watch-glasses,  and  afterwards  mounted  as  desired 
— the  imbedding  medium  being  first  removed  if  desirable. 

Or,  the  material  may  be  stained  in  bulk,  before  cutting  llie 
sections.  In  this  case  the  object,  after  having  been  fixed 
and  wa.shed  out,  is  taken  from  the  water,  or  while  still  on  its 
way  through  the  lower  alcohols  (it  should  not  be  nllowed  to 
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proceed  to  the  higher  grades  of  alcohol  before  staining,  if 
that  can  be  avoided),  and  passed  through  a  bath  of  stain, 
then  dehydrated  with  successive  alcohols,  passed  through  a 
clearing  medium  into  paraffin,  cut,  and  treated  as  above 
described,  the  sections  in  this  case  being  mounted  direct 
from  the  chloroform,  xylol,  or  other  solvent  with  which  the 
paraffin  is  removed.  If  aqueous  staining  media  be  applied 
(and  this  is  sometimes  desirable),  the  structures  should  either 
be  stained  m  toto  immediately  after  fixing  and  washing  out,  or 
sections  may  be  stained  on  the  slide,  the  objects,  if  debcate, 
being  passed  through  successive  baths  of  alcohol  of  gradually 
decreasing  strength  before  being  put  into  the  aqueous  stain. 

In  my°opinion  it  is  generally  advisable  not  to  stain  m 
bulk  material  that  is  intended  to  be  sectioned ;  by  staining 
it  as  sections  the  staining  can  be  much  better  controlled,  and 
many  excellent  stains  can  in  this  way  be  employed  that  are 
not  available  for  staining  in  bulk ;  and  of  course  sections  can 
be  stained  mnch  more  rapidly  than  material  in  bulk. 

Balsam  mounts  of  which  the  stain  has  faded,  or  which  it 
may  be  desired  to  submit  to  some  other  staining  process,  or 
mount  in  some  other  medium,  may  often  with  great  advan- 
tage be  re-drained  and  re-monnted.    All  that  is  necessary  is 
to^put  the  slide  into  a  tube  of  xylol  or  benzol  till  the  cover 
falls  off  (about  two  days),  wash  well  for  some  hours  in  clean 
xylol,  and  pass  through  alcohol  into  the  new  stain.  Since 
this  was  pointed  out  to  me  by  Dr.  Henneguy  I  have 
unmounted  and  re-stained  a  large  number  of   old  prepara- 
tions,  and   have   succeeded   in   every  case  with  series  of 
sections  mounted  on  Mayer's  albumen,  or  by  the  water 
method.     For  shellac-mounted  series,  see  E.  Meyee,  Biol. 
Centralb.,x,  1890,  p.  509,  or  last  edition. 

The  most  convenient  vessels,  I  find,  iu  winch  to  pei-form  the  various 
operations  of  staining,  diifereutiating,  dehydrating,  clearing,  etc.,  on  the 
dlde,  are  flat-bottomed  corked  glass  tubes.  I  have  mine  made  10  centi- 
metres high  and  27  millimetres  internal  diameter.  Each  of  these  wiU 
then  take  two  slides,  English  size,  placed  back  to  hack. 

7.  Resume  of  the  General  Method.— To  sum  up,  you  may 
either  fix,  wash  out,  stain,  wash,  dehydrate,  clear,  imbed,  cut 
sections,  clear  and  mount  them  in  balsam  ;  or  fix,  wash, 
dehydrate,  clear,  imbed,  cut,  stain,  wash,  dehydrate,  clear, 
and  mount — according  to  choice. 
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8.  Preparation  of  Entire  Objects,  or  of  Material  that  is  not  to 
be  sectioned.— The  treatment  of  objects  whicli  can  be  studied 
without  being  cut  into  sections  is  identical  with  that  above 
described,  with  the  omission  of  those  passages  that  relate  to 
imbedding  processes.  Its  normal  course  may  be  described 
as  fixation,  washing  out,  staining,  treatment  with  successive 
alcohols  of  gradually  increasing  strength,  final  dehydration 
with  absolute  alcohol,  clearing,  and  mounting  in  balsam. 

In  the  preparation  of  entire  objects  or  structures  that  are 
intact  and  covered  Inj  an  integuraent  not  easily  permeahle  by 
liquids,  special  care  must  be  taken  to  avoid  swelling  from 
eiidosmosis  on  the  passage  of  the  objects  from  any  of  the 
liquids  employed  to  a  liquid  of  less  density,  or  shrinkage 
from  exosmosis  on  the  passage  to  a  liquid  of  greater  density. 
This  applies  most  specially  to  the  passage  from  the  last 
alcohol  into  the  clearing  medium.     A  slit  should  be  made  in 
the  integument,  if  possible,  so  that  the  two  fluids  may  mingle 
without  hindrance.     And  in  all  cases  the  passage  is  made 
gradual  by  placing  the  clearing  medium  under  the  alcohol, 
as  described  (§  5).     Fluids  of  high  diffusibility  should  be 
employed  as  far  as  possible  in  all  the  processes.  Fixing 
agents  of  great  penetrating  power  (such  as  picric  acid  or 
alcoholic  sublimate  solution)  should  be  employed  where  the 
objects  present  a  not  easily  permeable  integument.  Wash- 
ing out  is  done  with  successive  alcohols,  water  being  used 
only  in  the  case  of  fixation  by  osmic  acid,  or  the  chromic 
mixtures  or  other  fixing  solutions  that  render  washing  by 
water  imperative.     Staining   is   done   by  preference  with 
alcoholic  staining  media.     The  stains  most  to  be  recom- 
mended are  Grenacher's  borax-carmine,  or  one  of  Mayer's 
alcoholic  carminic  acid  or  htematein  stains.     Aqueous  stains 
are  more  rarely  indicated,  though  there  are  many  cases  in 
which  they  are  admissible,  and  some  in  which  they  are 
preferable. 

9.  Minute  Dissections. — These  are  best  done,  if  necessary,  in  a 
drop  of  clearing  agent.  I  recommend  cedar-wood  oil  for 
this  purpose,  as  it  gives  to  the  tissues  a  consistency  very 
favourable  for  dissection,  whilst  its  viscosity  serves  to  lend 
support  to  delicate  structures.  Clove  oil  has  a  tendency  to 
make  tissues  that  have  lain  in  it  for  some  time  very  brittle. 
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The  bvittleness  is,  however,  sometimes  very  helpful  in 
minute  dissections.  Another  property  of  clove  oil  is  that  it 
does  not  easily  spread  itself  over  the  surface  of  a  slide,  but 
has  a  tendency  to  form  very  convex  drops,  and  this  also 
makes  it  frequently  a  very  convenient  medium  for  making 
minute  dissections  in. 

If  it  be  desired  to  dissect  in  a  watery  fluid,  such  as 
glycerin,  it  may  be  well  to  prepare  the  slide  by  spreading  on 
ft  a  thin  layer  of  Mayer's  albumen,  and  on  this  place  a 
small  drop  of  glycerin,  or  other  dissecting  medium.  As  soon 
as  the  dissection  has  been  accomplished,  a  cover  may  be  let 
fall,  horizontally,  on  to  the  preparation  to  keep  the  parts 
in  place,  and  a  weight  placed  on  it.  Then  the  mount  may 
be  filled  up  with  glycerin,  or  other  mounting  medium,  run-in 
under  the  cover,  and  closed,  if  desired,  or  instead  of  the 
albumen  a  solution  of  gelatin  may  be  taken,  and  hardened 
in  formol  with  the  objects  on  it.  For  a  balsam  mount,  after 
clove  or  cedar  oil,  Schai,libaum's  collodion  may  be  taken, 
and  the  organs  fixed  in  situ  on  this  by  adding  xylol. 

10.  Instruments.— For  all  that  concerns  the  mechanism  and 
manipulation  of  the  Microscojpe,  see  vol.  i  of  Carpenter's  The 
Microscope,  eighth  edition,  1891  ;  paying  particular  attention 
to  all  that  is  said  concerning  the  English  and  the  Continental 
Models,  pp.  254  to  261,  the  8uhstage,  pp.  184  to  189,  Gon- 
densrrs,  pp.  ^89  to  316,  and  Tiibe  Length,  pp.  158  to  159. 

For  information  concerning  the  principles  of  construction 
and  manipulation  of  the  Mirndovie,  see  also  Carpenter's 
The  Microscojie.  Microtomes  are  instruments  for  the 
accurate  production  of  thin  slices  of  tissues.  They  are  used 
both  for  cutting  tissues  that  have  acquired  a  certain  favour- 
able consistency  through  having  been  imbedded  in  imraffin, 
and  also  for  cutting  tissues  that  have  been  imbedded 
in  softer  masses,  such  as  collodion,  and  tissues  that  have  not 
been  imbedded  at  all.  Not  all  microtomes  are  equally  well 
adapted  for  all  these  three  classes  of  work.  The  microtome 
of  the  zoologist  should  at  all  events  be  one  that  is  well 
adapted  for  cutting  imbedded  material. 

Now  there  arc  two  methods  of  imbedding  in  general  use 
—the  paraffin  method  and  the  celloidin  method.  In  the 
paraffin  method  tlie  object  is  cut  dry,  frequently  with  flie 
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knife  set  sijuarc-  to  tlie  Hue  of  section.  Jn  the  cclloidin 
method,  us  in  tlic  cutting  of  unimbedded  tissues,  it  is 
genenilly  cut  vat,  and  always  with  tlie  knife  set  shmting. 
Some  microtomes  that  ai'O  well  adapted  for  the  paraflRn 
method  ai'e  ill  adapted  for  the  celloidin  method  or  the 
cutting  of  unimbedded  material,  and  vice  verHi.  It  may  be 
well  to  possess  the  two  sorts  of  instrument ;  but  if  only  one 
can  be  afforded  it  should  be  such  as  will  give  good  work  in 
either  way. 

Mici'otomes  fall  further   into   two   classes  according  as 
the  knife  and  the  surface  of  section  of  the  object  ai-e  (a) 
in  a  horizontal  plane,  or   (b)   in  a  vertical  plane.  The 
former  offer  greater  facility  for  the  orientation  of  the  plane 
of  section,  which  is  an  important  point  for  the  zoologist  and 
embryologist.     Amongst  these  may  be  mentioned  (o)  The 
"  Sliding "  Microtomes,  in  which  the  knife  is  carried  on  a 
sledge  and   moved   against   the  object    (those   of  Thoma, 
ScHANZE,  Reichekt,  and  others).     The  Thoma,  of  medium 
size,  as  made  by  R.  Jung,  Hebelstrasse,  Heidelberg  (No.  56 
of  his  catalogue  for  1911,  which  may  be  obtained  from  Mr. 
C.  Baker,  244,  High  Holborn,  London),  is  very  suitable  for 
the  zoologist.     It  works  equally  well  with  either  paraffin  or 
celloidin,  and  can  be  adapted  as  a  freezing  microtome.  But 
this  (as  is  the  case  with  the   others   mentioned)  will  not 
always  furnish  work  of  the  highest  accuracy  ;  for  the  knife 
being  only  clamped  atone  end  is  liable  to  spring,  and  to  give 
sections  of  unequal  thickness.     This  defect  is  i-emedied  in 
{h),  a   type  of  sliding   microtomes  in  which  the  knife  is 
clamped  at  both  ends  and  is  a  fixture,  the  object  being  carried 
on  a  sledge  and  moved  against  it  (Cambridge  Scieis'tific 
Insteumknt  Company's  large  microtome,  the  Minot  precision 
microtome,  Leitz's,  de  GtROOt^s,  Jong's  "  Tetrander."  This 
last  seems  to  be  near  perfection  ;  see  the  description  by 
Mayer  in  Zeit.  wiss.  Mile,  xxvii,  1910,  p.  52  ;   but  is  more 
cumbrous  than  is  desirable  for  ordinary  work. 

Class  A  also  includes  some  instruments  in  which  the  knife 
is  carried  on  a  horizontal  arm  and  swung  against  the  object 
by  a  rotary  movement  (Jung,  Roy,  Fkomme,  Reichert, 
Thate,  and  others).  I  know  nothing  of  these  personally,  but 
doubt  their  constant  accuracy. 

Class  J3  contains  some  very  fine  instrument.s,  admirably 
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adapted  for  the  production  of  continnons  ribbons  of  sections 
by  the  paraffin  method,  bnt  not  so  well  adapted  for  celloidin 
or  other  work  in  the  wet  way,  or  for  soft  objects.  Amongst 
these  are  the  Rocking  Microtome,  made  by  The  Scientific 
Instrument  Co.,  Cambridge,  or  by  Swift  &  Son,  or  by  Jung, 
or  by  VAN  der  Stad,  Amsterdam  ;  the  Minot,  made  by 
Bausch  &  LoMB,  or  by  Becker  (Gottingen),  or  by  Zimmer- 
mann  (21,  Emilienstrasse,  Leipzig)  ;  the  Ri.uniioli)-&iltay, 
made  by  J.  W.  Gilt  ay.  Delft. 

For  descriptions  of  the  multitudinous  models  on  the 
market  see  the  reports  in  the  Zeit.  wiifS.  Mik.  and  Jcnmi.  Boij. 
Mia:  Soc,  and  the  price  lists  of  the  instrument  makers. 

11.  Staining  Reagents  and  Chemicals.— You  are  not  likely 
to  succeed  in  staining,  especially  in  staining  with  coal-tar 
colours,  unless  you  see  to  it  that  you  are  working  with 
chemicals  of  the  proper  quality.     You  cannot  ensure  this  by 
going  to  a  generally  trustworthy  house  for  chemical  products 
—at  all  events,  not  in  the  case  of  coal-tar  colours.    It  is  not 
sufficient  that  these  should  be  what  they  are  commercially 
described  to  be;  they  may  be  pure,  and  yet  not  give  good 
stains.     Tliey  mnst  (in  the  case  of  coal-tar  colours,  at  all 
events)  be  the  identical  products  used  in  their  work  by  the 
authors  who  have  described  and  recommended  them  (see  the 
note  on  the  numerous  safranins  in  the  market,  s.  v.  Safra- 
nin).     I  therefore  advise  the  reader  to  get  his  reagents— at 
all  events  his  dyes — from  the  well-known  chemists  Grtjeler 
&  HoLLBORN,  who  have  specialised  in  the  matter.    'J'hey  may 
be  ordered  from  the  price  list,  or  by  quoting  the  numbers  of 
the  form ul EG  in  this  work.     The  address  is  :  G.  Geuislee,  & 
HoLLBORN,  Chemiker,  Leipzig,  Germany.     Their  preparations 
can  be  obtained  in  London  from  Mr.  Charles  Baker,  244, 
High  Holborn,  W.C.,  or  H.  F.  Angus  &  Co.,  83,  Wigmore 
Street,  Cavendish  Square.     (Both  o£  these  firms  also  supply 
the  microtomes  and  accessory  apparatus  of  the  best  makers, 
bacteriological  apparatus,  etc.)     Griibler  &  Hollborn's  pre- 
parations  can   be  obtained  in  the  States  from  Eimer  & 
Amend,  205-211,  Third  Avenue,  New  York;  Paul  Weiss, 
Optician,   1620,  Arapahoe  Street,  Denver,  Colorado;  and 
FiinvARn  P.  DoLiiEY  &  Co.,  3613,  Woodland  Avenue,  Phila- 
delphia. 


CHAPTER  II. 


KILLING. 

12.  In  the  majority  of  cases,  the  first  step  in  the  prepara- 
tion of  an  organ  or  organism  consists  in  exposing  it  as 
rapidly  and  as  completely  as  possible  to  the  action  of  one  of 
the  Fixing  Agents  that  are  discussed  in  the  next  chapter. 
The  organ  or  organism  is  thus  taken  in  the  normal  living 
state  ;  the  fixing  agent  serves  to  bring  about  at  the  same 
time,  and  with  sufficient  rapidity,  both  the  death  of  the 
organism  and  that  of  its  histological  elements. 

But  this  method  is  by  no  means  applicable  to  all  cases. 
There  are  many  animals,  especially  such  as  are  of  a  soft  con- 
sistence, and  deprived  of  any  rigid  skeleton,  but  jDossessing 
a  considerable  faculty  of  contractility,  which  if  thus  treated 
contract  violently,  and  die  in  a  state  of  conti-action  that 
rendei's  them  unfit  for  study.  In  these  cases  special  methods 
of  killing  must  be  resorted  to.  Speaking  generally,  there 
are  two  ways  of  dealing  with  these  difficult  cases.  You  may 
kill  the  animal  so  suddenly  that  it  has  not  time  to  conti-act : 
or  you  ma,y  paralj^se  it  by  narcotics  before  killing  it. 

Siuhlen  Killing. 

13.  Hejat. — The  application  of  Eeat  affords  a  means  of 
kilHng  suddenly.  By  it  the  tissues  ai-e  more  or  less  fixed  at 
the  same  time  that  somatic  death  is  brought  about. 

The  difficulty  consists  in  hitting  off  the  right  temperature, 
which  is  of  course  different  for  different  objects.  I  think 
that  80°  to  90°  0.  Avill  generally  be  amply  sufficient,  and  that 
very  fi-equently  it  will  not  be  necessary  to  go  beyond  60°  C. 
An  exposure  to  heat  for  a  few  seconds  will  generally  suffice. 

SniiiU  ohjects  (Protozoa,  Hyclroids,  Brjo7,o;i.)  miry  T)e  Lroiiglit  into  ii 
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drop  of  water  in  ii  watch-glass  or  on  a  slide,  aud  heated  over  the  flame 
of  a  sijirit-lanip.  For  large  objects,  the  water  or  otlier  liquid  employed 
as  the  vehicle  of  the  heat  iiiii.y  lie  heated  Leforeliand  and  the  auiuials 
thrown  into  it. 

As  soon  as  it  is  supposed  that  the  protoplasm  of  the  tissues  is  coagu- 
lated throughout,  the  animals  should  be  brought  into  alcohol  (30  to  70 
per  cent,  alcohol)  (if  water  be  employed  as  the  heating  agent). 

An  excellent  plan  for  preparing  many  marine  animals  is  to  kill  them 
in  hot  fi-esh-ivater.  Some  of  the  larger  Nemertiaus  are  better  preserved 
by  this  method  than  by  any  other  with  which  I  aui  acquainted. 

14.  Slowly  Contracting  Animals.— Animals  that  contract 
but  slowly,,  sucli  as  Alcyonmm  and  Veretillum,  and  some 
TunicateS;  such  as  Pyrosoma,  are  very  well  killed  by  throw- 
ing tliera  into  some  very  quickly  acting  fixing  liquid^  either 
used  hot  or  cold.  Glacial  or  very  strong  acetic  acid  (van 
Beneden^s  method)  is  an  excellent  reagent  for  this  purpose ; 
it  may  be  used,  for  example,  with  some  Medusas.  After  an 
immersion  of  a  few  seconds  or  a  few  minutes,  according  to 
the  size  of  the  animals,  they  should  be  brought  into  alcohol 
of  at  least  50  per  cent,  strength.  Lemon  juice  employed  in 
this  way  has  given  me  very  good  results  with  small  Annelids 
and  Hirudinea.  Corrosive  sublimate  is  another  excellent 
reagent  for  this  purpose. 

Narcotisation. 

15.  Narcotisation  is  performed  by  adding  some  aneesthetic 
substance  very  gradually,  in  very  small  doses,  to  the  water 
containing  the  animals,  and  waiting  patiently  for  it  to  take 
effect  slowly. 

The  Tobacco-smoke  Method  for  Actinite,  of  Lo  Bianco  {Jena 
Zeit.  Nahirw.,  Bd.  xiii,  1879,  p.  467 ;  MiHh.  Zool.  Stat.  Neapd,  Bd.  ix, 
1890,  p.  499),  is  : — A  dish  containing  the  animals  in  water  is  covered  with 
a  bell-glass,  under  which  passes  a  curved  glass  or  rubber  tube,  which 
dips  into  the  water.  Tobacco  smoke  is  blown  into  the  water  for  some 
time  thj-ongh  the  tube,  and  the  animals  are  then  left  for  some  hours 
overnight.  As  soon  as  it  is  observed  that  the  contraction  of  a  tentacle 
does  not  begin  until  a  considerable  time  after  it  has  been  irritated  by 
a  needle,  a  quantity  of  some  fixing  Hquid  sufficient  to  kill  the  animals 
before  they  have  time  to  conti-act  is  added  to  the  water. 

16.  Nicotin  in  solution  may  be  used  [A^dhes,  Atti  B.  Accad. 
dei  Lined,  v,  1880,  p.  9).     Andres  employs  a  solution  of 
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1  grtiiniiio  of  uicotiii  in  a  litre  of  soa  water.  'I'lie  aiiinuil  is 
placed  in  a  jar  contaiiiiug  half  a  litre  of  soa  water,  and  the 
solution  of  nicotiu  is  gradually  conducted  into  it  by  means 
of  a  thread,  acting  as  a  syphon,  of  such  a  thickness  as  to  be 
capable  of  carrying  over  the  whole  of  the  solution  of  nicotin 
in  twenty-four  hours.  See  also  Mitth.  Zoul.  Stat.  Neupel, 
Bd.  ii,  1880,  p.  123. 

17.  Chloroform  may  be  employed  either  in  the  liquid  state 
or  in  the  state  of  vapour.  The  animals  being  extended,  a 
watch-glass  containing  cbloroforni  may  be  floated  on  the 
surface  of  the  water  in  which  they  are  contained,  and  tlie 
whole  covered  with  a  bell-glass.  As  soon  as  they  have 
become  insensible  they  are  killed  by  means  of  hot  sublimate 
or  chromic  acid  solution  plentifully  poured  on  to  them. 
(KoEOTNEFP,  3£itth.  Zool.  Stat.  Necqyel,  v,  1884,  p.  233). 

Liquid  chloroform  is  employed  by  squirting  it  in  small 
quantities  on  to  the  surface  of  the  water  containing  the 
animals.  A  syringe  or  pipette  having  a  very  small  orifice, 
so  as  to  thoroughly  pulverise  the  chloroform,  should  be 
employed.  Small  quantities  only  should  be  projected  at  a 
time,  and  the  dose  should  be  repeated  every  five  minutes 
until  the  animals  are  anaasthetised. 

I  have  seen  large  Medusas  very  completely  anassthetised 
in  extension  in  an  hour  or  two  by  this  method.  Andres 
finds  that  it  does  not  succeed  with  Actinias,  as  with  them 
maceration  of  the  tissues  supervenes  before  ani\3sthesia  is 
established. 

Prbyee  {ilitt.  Zool.  Stat.  Neajjel,  Bd.  vii,  1886,  p.  27} 
recommends  chloroform  water  for  star-fishes. 

Waddington  employs  a  mixture  of  equal  parts  of  1  per 
cent.  sol.  of  cocaine  (or  eucain)  and  saturated  sol.  of  chloro- 
form in  water  (sea  or  fresli),  according  to  the  habitat. 

18.  Ether  and  Alcohol  may  be  administered  in  the  same  way. 
Andres  has  obtained  good  I'esults  with  Actinia;  by  the  use 
of  a  mixture  (invented  by  Salvatore  lo  Bianco)  containing 
20  parts  of  glycerine,  40  parts  of  70  per  cent,  alcoliol,  and 
40  parts  of  sea  water.  This  mixture  should  be  carefully 
poured  on  to  the  surface  of  the  Avater  containing  the 
animals,  and  allowed  to  diffuse  quietly  through  it.  Several 
hours  are  sometimes  necessary  for  this. 
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EisiG  [Fauna  a.  Flora  Golf.  Neapd,  16,  1887,  p.  239) 
benumbs  Capitellidio  by  putting-  them  into  a  mixture  of  one 
part  of  70  per  cent,  alcohol  with  9  parts  of  sea  water. 

Oesticrguen  {Zeif.  tviss.  Mile,  xix,  1903,  p.  800)  makes  a 
saturated  (7  to  8  per  cent.)  solution  of  ether  in  sea  or  soft 
water,  and  uses  it  either  concentrated  or  diluted  to  about  1 
per  cent.,  and  finds  it  to  succeed  with  all  classes  of  aquatic 
animals. 

CoRi  {Zeil.  Wis.s.  Mih.,  vi,  1890,  p.  438)  recommends  a 
mixture  composed  of  10  c.c.  methijl-alcohol  (of  96  per  cent, 
strength),  90  c.c.  water  (fresh  or  sea  water),  and  0-6  grni.  of 
sodium  chloride  (to  be  added  only  when  fresh  water  is 
taken,  the  addition  of  the  salt  having  for  its  object  to 
prevent  maceration).  It  may  be  well  to  add  to  this  mixture 
a  very  few  drops  of  chloroform  (for  Cridatella  ;  Zr.it.  wiss. 
Zool.,  Iv,  1898,  p.  626). 

19.  Chloreton  (Aceton  Chloroform)  is  recommended  for  inver- 
tebrates and  larva3  of  Rana  by  Randolph  [Zool.  Anz.,  xxiii, 
1900,  p.  436).  Krecker  {Zeit.  wiss.  Zool.,  xcv,  1910,  p. 
388)  takes  solutions  of  i  to  1  per  cent,  for  Oligochaata. 
SuLiMA  (^Zeit.  Biol.  Techn.,  Strasburg,  i,  1909,  p.  379)  takes 
a  mixture  of  99  parts  of  sea  water  and  1  of  10  per  cent.  sol. 
of  chloreton  in  absolute  alcoholj  for  8cyllium  and  Anguilla. 

.» 

20.  Hydrate  of  Chloral. — Foettjngek  [Arcli.  de  Biol.,  vi, 
1885,  p.  115)  operates  by  dro^oping  crystals  of  chloral  into 
the  water  containing  the  animals.  For  Alcyonellu  he  takes 
25  to  80  centigrammes  of  chloral  for  each  hundred  grammes 
of  water.  It  takes  about  three-quarters  of  an  hour  to 
render  a  colony  sufficiently  insensible.  He  has  obtained 
satisfactory  results  with  marine  and  fresh-water  Bryozoa, 
with  Annelida,  Mollusca,  Nemertians,  ActinitB^  and  with 
Asteracanthion.     He  did  not  succeed  with  Hydroids. 

Lo  Bianco  {MiWi.  Zool.  Stat.  Neapel,  Bd.  ix,  IS'JO,  p. 
442)  employs  for  various  marine  animals  freshly  prepared 
solutions  of  chloral  in  sea  water^  of  from  one  tenth  to  one 
fifth  per  cent,  strength. 

I  Lave  never  had  tlie  slightest  success  with  Nemertians. 

Vebworn  (Zeit.  iciss.  Zool.,  xlvi,  1887,  p.  99)  puts  Cristaiella  for  a 
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lew  iiiiuutcH  iutu  10  per  cent,  solutiuii  of  olilural,  in  wliiuli  tlio  uuimiil« 
sooner  or  later  become  exteucled. 

KuiiicNTHAL  {Jciia  Zeit.  Naturiv.,  Bd.  xx,  1887,  p.  511)  has  obtained 
good  results  with  some  Annelids  by  means  of  a  solution  of  one  part  of 
chloral  in  1000  parts  of  sea  water. 

The  cliloral  method  gives  nsc)<  to  maceration  with  some 
subjects,  as  I  cau  testify,  and  has  been  said  to  distort  nuclear 
figures. 

21.  Cocaine  (Richards,  Zuul.  Aiix.,  196,  1885,  p.  332). — 
Richards  puts  a  colony  oi  Bryozoa  into  a  watch-glass  with  5 
c.c.  of  water,  and  adds  gradually  1  per  cent,  solution  of 
hydrochlorate  of  cocaine  in  water.  After  five  minutes  the 
animals  are  somewhat  numbed,  and  half  a  cubic  centimetre 
of  the  solution  is  added;  and  ten  minutes  later  the  animals 
should  be  found  to  be  dead  in  a  state  of  extension. 

This  method  is  stated  to  succeed  with  Bryozoa,  Hydra,  and 
certain  worms.  It  is  the  best  method  for  Rotifers  (Rousselet). 
It  has  also  been  recommended  for  Aidysia. 

It  has  been  pointed  out  (by  CoKi,  in  the  paper  quoted  §  18)  that, 
unfortunately,  when  fixing-  agents,  such  as  sublimate  solution,  are 
added  to  the  animals,  the  cocaine  is  thrown  down  on  them  as  a  white 
precipitate.  This  precipitate,  however,  may  be  redissolved  afterwards 
in  alcohol  (Eisig). 

Cocaine  solutions  camiot  be  depended  on  to  keep  for  more  than  a  few 
days. 

22.  Eucain.  Harris  {Joimi.  Roy.  Mic.  Soc,  1900,  p.  404) 
recommends  a  1  per  cent,  solution  of  eucain  hydrochloride,  as 
giving  far  better  results,  with  Vorticellidfe,  Rotatoria,  and 
Vermes.  Rodsselkt  {ibid.)  reports  favourably  as  to  its  action 
on  Ploscularife.  It  is  stated  to  be  perfectly  stable  in  aqueous 
media.    It  dissolves  in  sea  water  to  about  0-5  per  cent. 

23.  Hydroxylamin.— HOFEE  {Zeit.  wiss.  Mile,  vii,  1890,  p.  318). 
Either  the  sulphate  or,  preferably,  the  hydrochloTate  may  be  used. 
This  should  be  dissolved  in  water  (spring  or  sea  water,  according  to  the 
habitat)  and  exactly  neutralised  by  addition  of  cai-bonate  of  soda.  The 
organisms  are  placed  in  a  solution  diluted  to  about  O'l  per  cent.,  for 
thirty  minutes  or  less  (as  for  Infusoria),  to  0-2.5  per  cent.,  for  from 
fifteen  minutes  to  one  hour  {Hydra),  I  per  cent.,  one  half  to  two  hours 
{Hinulo),  or  as  much  as  ten  to  twenty  hours  {Edix  and  Anodonia). 

Hydroxylamin  is  a  powerful  reducing  agent,  and  should  therefore  be 
weU  washed  out  before  treating  with  easily  reducible  fixing  agents. 
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24.  Chloride  or  Sulphate  of  Magnesium.— Tullberg  {Arch. 
Zool.  Exper.  et  Gen.,  x,  1892,  p.  11).  For  Actinias,  a  33  per 
cent,  solution  of  the  chloride  should  bo  very  slowly  added  to 
the  water  containing  the  expanded  animal,  until  the  vessel 
contains  1  per  cent,  of  the  salt  (thus  for  one  litre  of  sea 
water  33  c.c.  of  the  solution  must  be  added).  The  addition 
must  be  completed  within  half  an  hour,  and  thirty  minutes 
later  the  animal  may  be  fixed. 

For  terrestrial  and  fresh-water  Invertebrates  rather 
stronger  solutions  should  be  used. 

Redenbaugh  {Amer.  Natural,  xxix,  1895,  p.  399)  takes  the 
sulphate,  either  added  in  crystals  to  the  sea  water  containing 
the  animals  until  a  saturated  solution  is  obtained,  or  in  the 
shape  of  a  saturated  solution  into  which  they  are  thrown 
(Annelids.) 

See  also  Mater,  Biol.  Bull.  Wood's  Hole,  xvii,  1909, 
p.  341  (puts  direct  into  sol.  of  |  strength). 

25.  Poisoning  by  small  doses  of  some  fixing  agent  is  sometimes 
o'ood.  Lo  Bianco  tills  Ascidia  and  Blwimlxa  in  an  extended  state 
iMitth.  Zool.  Stat.  Neapel,  ix,  1890,  ix  471)  by  poin-iug  a  little  1  per  cent, 
chromic  acid  on  to  the  surface  of  the  water  containing  tbem,  and 
allowing  it  to  slowly  diffuse  into  it.  Aboiit  twelve  to  twenty-fotu-  hours 
is  necessary.  He  kills  Ciona  in  a  similar  way  with  a  mixture  of  one 
part  of  1  per  cent,  chromic  acid  and  nine  parts  of  49  per  cent,  acetic 
acid. 

Osmic  acid,  oi»  Kleinenberg's  solution,  is  sometimes  employed  in  the 
same  way. 

I  have  seen  Medusas  killed  in  a  satisfactoiy  manner  by  means  of 
crystals  of  corrosive  sublimate  added  to  the  water  containing  them. 

Morphia,  Curare,  Strychnin,  Prnssic  Acid,  and  other  paralysing 
dings,  have  also  been  employed. 

26.  Asphyxiation  may  be  sometimes  successfully  practised. 
Terrestrial  Gastropods  may  be  killed  for  dissection  by  putting 
them  into  a  jar  quite  full  of  water  that  has  been  deprived  of 
its  air  by  boiling,  and  hermetically  closed.  After  from 
twelve  to  twenty-four  hours  they  are  generally  found  dead 
and  extended.  The  effect  is  obtained  somewhat  quicker  if  a 
little  tobacco  be  added  to  the  water. 

Good  results  are  sometimes  obtained  with  aquatic  animals 
by  simply  leaving  them  to  exhaust  the  oxygen  of  the  water  in 
which  they  are  contained.     I  have  sometimes  succeeded  with 
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Holothuria)  and  other  Echinoderms  in  this  way.  Ward  (see 
Amer.  Nat.,  xxv,  1891,  p.  398)  has  succeeded  with  Hydroids, 
Actinias,  and  similar  forms,  and  Ukxkull  {Mitth.  Zool.  Stat. 
Neapel,  xii,  1 896,  p.  463)  with  Echinids. 

Marino  animals  are  sometimes  successfully  killed  by  simply 
putting  them  into  spring  water. 

Warm  Water  will  sometimes  serve  to  immobilise  and  even 
kill  both  marine  and  fresh-water  organisms. 

Carbonic  Acid  Gas  has  been  recommended  (by  Fol,  Zool. 
Anz.,  128,  1885,  p.  698).  The  water  containing  the  animals 
should  be  saturated  with  the  gas.  The  method  is  stated  to 
succeed  with  most  Coelenterata  and  Echinodermata,  but  not 
with  Molluscs  or  Fishes.  I  have  had  most  excellent  results 
with  small  Annelids  and  Hirudinea.  It  is  not  necessary  to 
employ  a  generator  for  obtaining  the  gas.  It  suffices  to  take 
an  ordinary  "soda-water"  syphon,  and  squirt  its  contents 
into  the  water  containing  the  animals. 

Narcotisation  is  very  rapidly  obtained  with  very  small 
animals,  but  much  more  slowly  with  larger  ones.  For 
instance,  Stylaria  prohoscidea,  I  find,  is  paralysed  in  a  few 
seconds;  a  small  Nephelis  of  15  or  20  millimetres  in  length, 
will  require  about  five  minutes;  and  a  large  Nephelis,  of 
from  10  to  15  centimetres,  will  require  as  many  hours. 

TJBXKTjLL  (Mitth.  Zool.  8tat.  Neafel,  xii,  1896,  p.  463)  has 
paralysed  Echinids  very  rapidly  with  carbonic  acid,  likewise 
a  small  Teleostean  fish  :  whilst  Scxjlliiim  and  Crustaceans 
were  affected  much  more  slowly,  and  mussels  not  at  all. 

27.  Peroxide  of  Hydrogen.—VoLK  {Zool.  Anz.,  xix,  1896, 
p.  294)  kills  Rotatoria  by  means  of  one  or  two  drops  of  a 
3  per  cent,  solution  added  to  1  c.c.  of  the  water  containing 
them. 


CHAPTER  III. 


FEXING  AND  HAHDENING. 

28.  The  Functions  of  Fixing  Agents. — Tlie  meaning  of  the 
tenia   "  fixing "   lias  been  exjslained   above  (§  2).  Here 
is   an   example   showing  the   necessity  of   fixation.     If  a 
portion  of  living  retina  be  placed  in  aqneons  hnmonr,  serum, 
or  other  so-called  "  indilferent "  medinraj  or  in  any  of  the 
media  used  for  permanent  preservation,  it  will  be  found  that 
the  rods  and  cones  will  not  preserve  the  a,ppearance  they 
lia,ve  during  life  for  more  than  a  very  short  time  ;  after  a 
few  minutes  a  series  of  changes  begins  to  take  place,  by 
wliicli  the  outer  segments  of  both  rods  and  cones  become 
split  into  discs,  and  finally  disintegrate  so  as  to  be  altogether 
unrecognisable,  even  if  not  totally  destroyed.      Further,  in 
an  equally  short  time  the  nerve-fibres  become  varicose,  and 
appear  to  be  thickly  studded  with   spindle-shaped  knots  ; 
and  other  post-mortem  changes  rapidly  occur.     If,  however, 
a  fresh  piece  of  retina  be  treated  with  a  strong  solution  of 
osmic  acid,  the  whole  of  the  rods  and  cones  will  be  found 
perfectly  preserved  after  twenty-four  hours'  time,  and  the 
nerve-fibres  will  be  found  not  to  be  varicose.     After  this 
preliminary  liai'dening,  portions  of  the  retina  may  be  treated 
with  water  (which  would  be  ruinous  to  the  structures  of  a 
fresh  retina),  they  may  even  remain   in   water  for  days 
without  harm;   they  may  be  stained,  acidified,  hardened, 
imbedded,  cut  into  sections,  and  mounted  in  either  aqueous 
or  resinous  media  without  sufi^ering. 

This  example  shows  that  one  of  the  objects  aimed  at  in 
fixing  is  to  impart  to  tissues  the  degree  of  hardening  neces- 
sary to  enable  them  to  offer  such  mechanical  resistance  to 
fost-morte.m  change  and  to  the  processes  of  after-treatment 
as  not  to  suffer  change  of  form.  Another  important 
function  of  fixing  is  to  render  msohohle  elements  of  cells  and 
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tissues  that  would  otherwise  be  more  or  less  dissolved  out 
by  the  liquids  employed  in  the  after-treatment.  A  third 
and  highly  important  function  of  fixing-agents  consists  in 
produchig  02dical  differeniiation  in  structures.  By  coagu- 
lating the  elements  of  tissues  and  cells,  fixing  agents  niter 
theii^incliccs  of  refraction,  raising  them  in  varyiug  degrees. 
They  do  not  act  in  an  equal  degree  on  all  the  constituent 
elements  of  cells  and  tissues,  but  raise  the  index  of  some  more 
than  that  of  others,  thus  producing  optical  differentiation 
where  there  was  little  or  none  before.  Compare  the  aspect 
of  the  epithelium  of  the  tail  of  a  living  tadpole,  observed  in 
water,  with  its  aspect  after  the  action  of  a  little  diluted 
solution  of  Plemming.  In  the  living  state  the  protoplasm 
of  its  cells  has  a  refractive  index  little  superior  to  that  of 
water,  and  consequently  so  low  an  index  of  visibility  that 
hardly  any  structure  can  be  made  out  in  the  object.  But  as 
soon  as  the  protoplasm  has  been  sufficiently  coagulated  by 
the  reagent  the  refractive  indices  of  some  of  its  elements 
will  have  been  raised  to  above  that  of  balsam,  the  chromatin 
of  the  nuclei  will  be  brought  out,  and  other  structures 
be  revealed  where  none  was  visible  before. 

29.  The  Action  of  Fixing  Agents  consists  in  coagulating  and 
rendering  insoluble  certain  of  the  constituents  of  tissues. 
This  is  effected  sometimes  without  any  chemical  action  being 
involved,  as  when  alcohol  is  employed,  which  acts  by  shnple 
withdrawal  of  the  water  of  the  tissues.  But  in  the  majority 
of  cases  the  fixing  agents  enter  iuto  chemical  combination 
with  certain  of  the  elements  of  the  tissues.  The  compounds 
thus  formed  are  sometimes  vnstahle  and  soluhle,  so  that  they 
are  removable  by  washing,  as  is  the  cnse  with  several  of 
those  formed  by  picric  acid.  It  is  found  in  practice,  how- 
ever, that  those  formed  by  chromic  acid  and  its  salts,  and 
the  salts  of  the  heavy  metals,  as  mercury,  iron,  platinum, 
gold,  and  silver,  are  mostly  insoluble. 

The  insolubility  of  these  bodies  is  an  advantage  in  that 
it  ensures  that  the  tissues  shall  not  be  robbed  of  their 
essential  constituents,  nor  deprived  of  their  desired  con- 
sistency and  optical  differentiation,  by  the  reagents 
subsequently  employed,  'it  is  also  sometimes  an  advantage 
in  that  certain  of"  the  compounds  in   question  have  the 
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proporfcy  of  coinbiuiiig  with  corUiu  colouring  iiuittors,  and 
thus  affording  vm})ortant  stains  which  could  not  otherwise  be 
obtained  ;  or  in  other  words,  of  acting  as  mordants. 

But  it  is  sometimes  a  disadvantage,  inasmuch  as  these 
same  compounds  which  render  possible  the  production  of 
some  stains  are  hindrances  to  the  production  of  others. 
Tissues  that  have  been  fixed  with  osmic  or  chromic  acid  or 
its  salts  are  in  general  not  easily  to  be  stained  with  carmine 
or  similar  colouring  matters,  unless  the  metals  have  been 
previously  removed  by  special  chemical  treatment ;  though 
they  may  generally  be  stained  with  hasmalum,  or,  after 
sectioning,  with  iron  heematoxylin  or  tar  colours. 

According  to  Fischeu  {FLuriiiig,  Fdrhuiuj,  nnd  Bau  des 
Protoplasma^,  Jena,  G.  Fischer,  1899),  the  coagulation  which 
constitutes  fixation  is,  in  the  case  of  the  liquid  and  semi- 
liquid  constituents  of  tissues,  always  a  phenomenon  of 
lyrecipitation.  The  more  solid  constituents  (such  as  fibrils 
that  are  visible  during  life,  nucleoli,  and  the  like)  he  admits 
may  be  acted  on  by  fixing  reagents  without  the  formation  of 
any  visible  precipitates.  But  all  the  liquid  ones,  in  so  far 
as  they  are  fixed  at  all,  are  visibly  precipitated  in  specuil 
'precipitation  forms,  which  vary  according  to  the  precipitant. 
J^lach  fixing  agent  gives  its  own  characteristic  fixation  image, 
which  may  be  more  or  less  lifelike,  but  can  never  be 
absolutely  so.  Fischer  gives  copious  descriptions  of  the  pre- 
cipitation forms  of  the  chief  organic  compounds  found  in 
tissues,  and  of  the  precipitation  powers  of  the  chief  fixing 
agents,  which  the  reader  will  do  well  to  study. 

It  seems  to  be  a  consequence  of  Fischer's  theory  of  fixa- 
tion by  precipitation  that  the  most  energetic  fixing  agents 
should  always  be  found  amongst  the  most  energetic  precipi- 
tants.  But  on  the  showing  of  his  experiments  this  is  not 
so.  For  instance,  it  is  allowed  on  all  hands  that  osmic  acid 
is  a  most  energetic  fixative.  But  Fischer  finds  (op.  cif. 
pp.  12 — 14,  27)  that  it  is  a  very  incomplete  and  weak 
precipitant.  Or,  to  take  a  contrary  instance,  he  finds  that 
picT'ic  acid  is  an  energetic  precipitant  of  the  majority  of  cell 
constituents  ;  but  surely  every  cytologist  must  admit  that  it 
is  not  a  highly  energetic  fixative. 

It  wouhl  seem  to  follow,  from  these  instances  and  from 
other  similar  ones,  that  Fischer's  tables  of  precipitating 
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power  cannot  bo  taken  as  a  measure  of  the  fixing  power  of 
the  reagents.  Anclfurtlior,  the  study  of  the  fixation  images 
of  tissues  afforded  by  osniic  acid,  formaldehyde,  and  other 
reagents,  seems  to  sliow  that  the  coagulation  brought  about 
by  them  is  in  part  accompanied  by  the  formation  of  visible 
precipitates,  but  in  part  not  so,  and  that  they  may  do  their 
work  to  a  larger  extent  than  he  seems  to  admit  through  a 
homogeneous  cnmjuhdion.  But  from  his  very  suggestive  obser- 
vations it  certainly  appears  that  the  formation  of  visible 
precipitates  is  a  very  wide-spread,  if  not  universal  concomitant 
of  fixation  ;  and  that  the  wider  the  precipitating  power  of  a 
fixative  (/.«.  the  greater  the  number  of  organic  liquids  that 
it  can  precipitate),  the  greater  will  be  the  nmnher  of  artefacts 
to  which  it  can  give  rise. 

30.  The  Characters  of  the  Usual  Fixing  Agents.— A  good 
fixing  agent  should  first  of  all  p-e.serre  all  the  elements  it  is 
desired  to  fix.     But  that  is  not  enough  ;  it  should  also  give 
good  optical  differentiation,  and  should  have  sufficient  power 
of  ^penetration  to  ensure  that  small  pieces  of  tissue  be  equally 
fixed  by  it  throughout.     No  single  substance  or  chemical 
compound  fulfils  all  that  is  required  of  a  good  fixing  agent; 
hence  it  is  that  all  the  best  fixing  agents  are  luixtitres. 
Osmic  acid,  for  instance,  fulfils  some  of  these  conditions,  but 
not  all  of  them.     It  kills  rapidly  and  preserves  admirably 
the  elements  of  cytoplasm,  but  nuclei  not  so  well.     But  the 
optical  differentiation  that  it  gives,  though  sometimes  good, 
is  often  very  inferior.     For  osmic  acid,  by  coagulating  in 
nearly  equal  degrees  alike  the  spongioplasm   (the  plastin 
reticulum)  and  the  hyaloplasm  (the  enchylema)  of  the  cell- 
body,  and  the  chromatin  of  nuclei,  raises  alike  the  refractive 
indices  of  all  of  them  ;  so  that  if  the  fixing  action  have  been 
in  the  least  degree  overdone,  the  cells  acquire  a  homogeneous 
aspect  in  which  the  finer  details  are  obscured  by  the  general 
refractivity  of  the  Avhole.     If  now,  instead  of  using  it  pure, 
it  be  used  in  combination  with  acetic  acid,  a  better  differentia- 
tion is  obtained ;  for  acetic  acid,  whilst  enhancing,  or  at  all 
events  not  interfering  with  the  fixation  of  chromatin,  serves 
to  facilitate  penetration  and  to  counteract  the  excessive  action 
of  the  osmic  acid  on  the  protoplasm,  so  that  the  cells  come 
out  less  homogeneous  and  with  more  detail  observable  in 
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them.  A  still  better  effect  is  obtained  if  to  the  osinic  acid 
there  be  added  not  only  acetic  acid,  but  also  chromic  acid. 
For  osmic  acid  has  the  property  oi^  blackening  tissues,  thus 
rendering  them  opaque.  Chromic  acid  counteracts  in  a 
considerable  degree  this  blackening  action.  It  also  helps 
probably  to  bring  out  the  chomatin  of  nuclei,  which  is 
insufficiently  fixed  by  the  other  two  ingredients,  and  probably 
also  helps  in  other  ways  to  bring  about  optical  differentiation; 
so  that  in  the  result  a  much  clearer  picture  is  obtained. 

I  take  it  that  it  has  been  established  by  experience  that, 
as  a  general  rule,  in  order  to  get  the  most  complete  fixation, 
fixatives  should  have  an  acid  reaction..    Consequently,  if 
they  have  not  naturally  an  acid  reaction,  they  should  be 
acidifled,  e.g.  osmic  acid  should  be  acidified  with  acetic  acid 
or  the  like.    As  a  matter  of  fact,  it  will  be  found  that 
acetic  acid  is  very  largely  employed  in  mixtures.    It  is 
generally  held  that  it  acts  in  them  as  an  agent  for  facilita- 
ting penetration  and  producing  differentiation,  as  explained 
above,  and  also  for  ensuring  the  fixation  of  nuclein  (if  the 
other  ingredients  are  not  adequate  thereto)  ;   but  this  is 
probably  not  all.    Fischer  (in  the  work  quoted  above,  pp.  10, 
27,  and  other  places)  holds  that  its  function  in  these  mixtures 
is  chiefly  that  of  a  neutraliser  or  acicUfier  (Ansiiurer)  for 
ensuring  that  the  other  ingredients  shall  have  an  acid,  or  at 
least  a  neutral  medium  to  do  their  work  in.     For  the  pre- 
cipitating power,  that  is,  in  his  view,  the  fixing  power  of  a 
reagent,  varies  according  to  the  reaction,  acid  or  alkaline,  of 
the^hings  to  be  fixed;  and  a  feebly  acid  reaction  is  the  one 
most  favourable  for  ensuring  precipitation.     Many  things 
that  are  quite  unprecipitable  by  certain  reagents  whilst  m 
alkaline  or  neutral  solution  are  immediately  precipitated  by 
them  if  the  solution  is  rendered  acid.     "  Many  kinds  of  cell 
contents,"  he  says  {op.  cit.,  p.  10)  "indeed  the  majority, 
have  an  alkaline  reaction,  and  are  thereby  quite  inaccessible 
to  the  precipitating  action  of  certain  agents,  such  as  osmic 
acid,  or  bichromate  ;  and  the  action  of  certain  other  fixatives, 
such  as  platinum  chloride  and  chromic  acid,  is  more  or  less 
hindered  by  the  presence  of  free  alkalies.     For  neither  the 
chromic  acid  (of  solution  of  Flemming)  nor  the  platinum 
chloride  (of  solution  of  Hermann)  would  bo  adequate  to  act 
as  acidifiers  to  the  osmic  acid  of  the  mixtures.   They  cannot 
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do  so,  first,  because  tlioy  tliemselves  become  combined 
with  the  tissues  much  more  quickly  than  the  slowly  working 
osmic  acid,  and  secondly,  because  they  themselves  have  only 
an  extremely  weak  acid  reaction."  Hence  the  function  of 
the  organic  acid  is  to  bring  into  play  the  precipitating  power 
of  the  other  ingredients. 

In  default  of  special  reasons  to  the  contrary,  fixing 
mixtures  may  conveniently  be  made  to  contain  from  1  to  5 
per  cent,  of  acetic  acid.  But  for  some  purposes  they  should 
be  neutral,  or  even  alkaline.     See,  for  instance,  Neurojihrih. 

■  I  think  Uie,  beginner  should  avoid  such  things  as  liquid  of 
Flemming  and  similar  mixtures.  He  may  take,  instead, 
Boujn's  picro-formol. 

Corrosive  sublimate  (acidified)  is  a  good  all-round  fixative, 
with  excellent  penetration,  but  is  not  quite  so  easy  to 
manage. 

Picric  acid  gives  a  fair  though  Aveak  fixation,  with  very 
good  penetration,  is  easy  to  manage,  and  does  not  make 
tissues  brittle,  which  sublimate  easily  may  do.  Pure  formol 
is  not  bad,  and  very  easy  to  manage. 

Speaking  generally,  osmic  acid,  chromic  acid,  bichromates,  chloride 
of  platinum,  and  the  majority  of  the  compounds  of  the  heavy  metals, 
are  hindrances  to  staining ;  whilst  heat,  alcohol,  trichloracetic  acid, 
formol,  corrosive  sublimate,  nitric  acid,  picric  acid,  and  acetic  acid,  are 
neutral,  or  even  favourahle,  in  this  respect. 

31.  The  Practice  of  Fixation.— See  that  the  structures  are 
perfectly  living  at  the  instant  of  fixation,  otherwise  you  will 
only  fix  pathological  states  or  post-mortem  states. 

Fixation  is  generally  performed  by  immersion  of  the 
objects  in  the  fixing  liquid.  In  this  case,  everything  should 
be  done  to  facilitate  the  raficl  'penetration  of  the  fixing  agent. 
To  this  end  let  the  structures  be  divided  into  the  smallest 
portions  that  can  conveniently  be  employed,  and  if  entire 
organs  or  organisms  are  to  be  fixed  whole,  let  openings,  as 
large  as  possible,  be  first  made  in  them. 

The  penetration  of  reagents  is  greatly  facilitated  by  heat. 
You  may  warm  the  reagent  and  put  it  with  the  object  to  be 
fixed  in  the  paraffin  stove,  or  you  may  even  employ  a  fixing 
agent  heated  to  boiling-point  (as  boiling  sublimate  solution 
for  certain  corals  and  Hydroids,  or  boiling  absolute  alcohol 


t'lXlNG  AND  HAUDENING. 


25 


foi-  certain  xi.rfcliropods  with  very  rosistent  integuments). 
But  this  shoukl  only  be  done  as  a  last  resource. 

Let  the  quantity  of  fixing  agent  employed  be  at  least  many 
times  the  volume  of  the  objects  to  be  fixed.  If  this  precaution 
bo  not  observed  the  composition  of  the  fixing  liquid  may  be 
seriously  altered  by  admixture  of  the  liquids  or  of  the  soluble 
substances  of  the  tissues  thrown  into  it.  For  a  weak  and 
slowly  acting  fixing  agent,  such  as  picric  acid,  the  quantity  of 
liquid  employed  should  be  in  volume  about  one  hundred  times 
that  of  the  object  to  be  fixed.  Reagents  that  act  very  enei- 
getically,  such  as  Flemming's  solution,  may  be  employed  in 
smaller  proportions. 

But  fixation  may  also  be  performed  by  injection  of  the  fixing  liquid 
into  the  objects,  thus  ensuring  a  more  rapid  and  thorough  penetration 
of  voluuiiuous  objects.  See  for  this  practice  the  methods  of  fixation  by 
injection  of  Golgi,  De  Queevain,  Ma.nn,  and  others,  given  under 
Nerrous  System. 

Bkatjs  and  Deubneb  [Jena.  Zeit.  Natiivw.,  Bd.  xxix,  1895,  j).  435) 
fix  fishes  hij  injection  through  the  bidbus  aortie.  The  vessels  are  first 
washed  out  with  normal  salt  solution,  and  tlie  fixing  liquid  is  then 
thrown  in. 

KoLMEE  (Anat.  Anz.,  xlii,  1912,  p.  47)  fixes  thus  even  large  mammals 
(Chimpanzee,  Goat).    He  first  washes  out  with  Ringee's  solution. 

It  is  well  not  to  leave  specimens  in  fixing  liquids  longer 
than  is  sufiicient  to  obtain  the  desired  reaction.  Sublimate, 
for  instance,  soon  makes  tissues  brittle.  But  long  immersion 
may  be  neces3&,ry  to  produce  the  desired  optical  difi^erentia- 
tion  with  some  reagents. 

Careful  washing  out  (by  which  is  meant  the  removal  from 
the  tissues  of  the  excess  of  uncombined  fixative)  is  necessai-y 
in  order  to  get  tissues  to  stain  properly.  But  it  is  not  always 
equally  imperative.  Alcohol  and  formaldehyde  do  not  requix'e 
washing  out  before  staining  ;  acetic  and  picric  acid  only  for 
some  stains  ;  sublimate  will  allow  of  staining  even  if  not 
washed  out,  but  allows  of  a  sharper  stain  if  well  washed  out ; 
all  osmic,  chromic,  and  platinic  liquids  require  very  thorough 
washing  out. 

It  is  important  to  use  the  appropriate  liquid  for  washing 
out  the  fixing  agent  after  fixation.  It  is  frequently  by  no 
means  a  matter  of  indifference  whether  water  or  alcohol  be 
employed  for  washing  out.  Sometimes  water  will  undo  the 
whole  work  of  fixation  (as  with  picric  acid).  Sometimes 
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iilcoliol  causes  precii.itatos  that  may  ruiu  the  preparations. 
Objects  fixed  in  alcohol,  for.uol,  acetic  acid,  picric  acid,  or 
uitric  acid  require  to  be  washed  out  with  alcohol,  or  at  least 
with  some  hardeiiiug  liquid,  whilst  those  that  have  bccu 
fixed  with  osmic  or  chromic  acid,  or  with  oue  of  the  other 
compounds  of  the  heavy  metals,  require  in  general  to  be 
washed  out  with  water.    Sublimate,  however,  is  best  washed 

out  with  alcohol. 

Use  liberal  qiiautities  of  liquid  for  washing. 

Change  the  liquid  as  often  as  it  becomes  turbid,  if  that 

should  happen. 

The  process  of  washing  out  is  greatly  facilitated  by  heat. 
Picric  acid,  for  instance,  is  nearly  twice  as  soluble  in  alcohol 
0^^^U.  warmed  to  40°C.  as  in  alcohol  at  the  normal  temperature  (Fol). 

32  FixatT^n  of  Marine  Animals.  —  The  tissues  of  marine 
organimns  are  as  a  general  rule  more  refractory  to  the  action 
of  reagents  than  those  of  corresponding  fresh-water  or  terres- 
trial forms,  and  fixing  solutions  should  in  consequence  be 
stronger  (about  two  to  three  times). 

Marine  animals  ought  to  he  freed  frora  the  sea  tcater  adhe- 
rent to  their  surface  before  treating  them  either  with  alcohol 
or  any  fixing  reagent  that  precipitates  the  salts  of  sea  water. 
If  this  be  not  done,  the  precipitated  salts  will  form  on  the 
surfaces  of  the  organisms  a  crust  Uiat  prevents  the  penetra- 
tion of  reagents  to  the  interior,    i^ixing  solutions  for  marine 
organisms  should  therefore  be  such  as  serve  to  keep  in  a 
state  of  solution,  and  finally  remove,  the  salts  m  question. 
If  alcohol  be  employed,  it  should  be  acidified  with  hydro- 
chloric or  some  other  appropriate  acid.     Picro-nitric  acid  is 
a  fixing  reagent  that  fulfils  the  conditions  here  spoken  of. 
(On  this  subject  see  Mayeb,  in  Blitlh.  Zool.  Stat.  Neafcl,  ii 
(1881),  p.  1,  et  seq.) 

33  Hardening.— The  process  of  hardening  is  distinguished 
from' that  of  fixing  as  being  directed  to  the  attainment  of  a 
degree  of  consistency  sufficient  to  allow  of  soft  tissues  being 
cut  into  sections  without  imbedding.  It  is  an  after-process, 
and  only  ranks  as  a  special  method. 

Methods  of  imbedding  have  now  been  brought  to  .such  a 
degree  of  perfection  that  the  thorough  hardening  of  soft 
tissues  that  was  formerly  necessary  in  order  to  cut  thin 
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sections  from  tlietii  is,  in  the  majority  of  cases,  no  longer 
necessai-y.  Bnt  there  are  some  exceptions.  Such  arc,  for 
instance,  the  cases  in  which  it  is  desired  to  cut  very  hirge 
sections,  such  as  sections  of  the  entire  human  brain. 

The  reagents  employed  for  hardening  are  for  the  most 
part  of  the  same  nature  as  those  employed  for  fixing.  But 
it  does  not  follow  that  all  fixing  agents  can  be  employed  for 
hardening.  Corrosive  sublimate,  for  instance,  would  be  most 
inappropriate  as  a  hardening  agent. 

34.  The  Practice  of  Hardening. — Employ  ioi  general  a  rda- 
tivelij  large  volume  of  hardening  liquid,  and  change  it  very 
frequently.     If  the  volume  of  liquid  be  insufficient,  its  com- 
position will  soon  became  seriously  altered  by  the  diffusion 
into  it  of  the  soluble  substances  of  the,  tissues  ;  and  the 
result  may  be  a  macerating  instead  of  a  hardening  liquid. 
Further,  as  soon  as,  in  consequence  of  this  diffusion,  the 
liquid  has  acquired  a  composition  similar  in  respect  of  the 
pi'oportions  of  colloids  and  ci-ystalloids  contained  in  it  to 
that  of  the  liquids  of  the  tissues,  osmotic  equilibrium  will 
become  established,  and  diffusion  will  cease;  that  is  to  say, 
the  hardening  liquid  will  cease  to  penetrate.     This  means, 
of  course,  maceration  of  internal  parts.     On  the  other  hand, 
it  appears  tl»at  a  certain  slight  proportion  of  colloids  in  the 
hardening  liquid  is  favourable  to  the  desired  reaction,  as  it 
gives  a  better  consistency  to  the  tissues  by  preventing  them 
from  becoming  brittle.      Hence  the   utility  of  employing 
a  certain  proportAun  of  hardening  agent. 

Hardening  had  better  be  done  in  tall  cylindrical  vessels, 
the  objects  being  suspended  by  a  thread,  or  muslin  bag,  or 
otherwise,  at  the  top  of  the  liquid.  This  has  the  advantage 
of  allowing  diffusion  to  take  place  as  freely  as  possible, 
whilst  any  precipitates  that  may  form  fall  hai'mlessly  to  the 
bottom  ;  or,  they  may  be  laid  on  a  layer  of  cotton-wool,  or 
filter-paper,  or  spun  glass. 

In  general,  hegin  hardening  with  a  iveah  reagent,  increasing 
the  strength  gradually,  as  fast  as  the  tissues  acquire  a  con- 
sistence that  enables  them  to  support  a  more  energetic  action 
of  the  reagent. 

Let  the  objects  be  removed  from  the  hardening  fluid  as 
soon  as  they  have  acquired  the  desired  consistency. 
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FIXING  AND  HAliDKNlNG  AGENTS— MIN liRAL  AOIDS  AND 

THEIB  SALTS. 

35.  Osmic  Acid.— The  tetroxide  of  osmium  (OsOJ  is  the  sub- 
stance commonly  known  as  osmic  acid,  thougli  it  does  not 
possess  acid  properties.  It  is  extremely  voktde,  and  in  the 
form  of  an  aqueous  solution  become  partially  reduced  with 
great  readiness  in  presence  of  the  slightest  contaminating 
particle  of  organic  matter.  It  is  generally  believed  that  the 
aqueou'.  solutions  are  reduced  by  light  alone,  but  this  is  no 
the  case  :  they  may  be  exposed  to  the  light  with  impunity  ^J 
dust  he  ahsolutehj  denied  access  to  Ihevi. 

The  solution  of  osmic  acid  in  chromic  acid  solution  is  not, 
like  the  solution  in  pure  water,  easily  reducible,  but  may  be 
kept  without  any  special  precautions.  I  therefore  keep  the 
bulk  of  my  osmium  in  the  shape  of  a  2  per  cent,  solution  of 
osmic  acid  in  1  per  cent,  aqueous  chromic  acid  solutjon.  Ihis 
solution  serves  for  fixation  by  osmium  vapours,  and  tor 
making  up  solution  of  Flemming,  which  is  the  form  lu  wliicli 
osmium  is  most  generally  employed.  A  small  quantity  of 
osmic  acid  may  also  be  made  up  in  1  per  cent,  solution  in 
distilled  water,  and  kept  in  a  drop-bottle  with  grooved 
stopper,  from  which  quantities  can  be  obtained  when 
required  without  removing  the  stopper.  , 

CoKi  (Zcit.  wiss.  Mil.,  vi,  1890,  p.  442)  finds  that  solutions 
in  distilled  water  keep  perfectly  if  there  be  added  to  them 
enough  permanganate  of  potassium  to  give  a  very  slight  rosy 
tint  to  the  liquid.  From  time  to  time,  as  the  solution 
becomes  colourless,  further  small  quantities  of  the  salt 
should  be  added,  so  as  to  keep  up  the  rosy  tint. 

Bosch  finds  that  the  addition  of  sodium  lodate  hinders 
reduction  [Neurol.  Gentralh.,  xvii,  18P8,  p.  476). 

PiNTNKK  finds  that  a  slight  addition  of  corrosive  subluuate 
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lias  tlio  same  effect,  e.g.  ten  drops  of  5  per  cent,  solution  of 
sublimate  added  to  100  c.c.  of  1  per  cent,  solution  of  osmic 
acid. 

For  the  so-called  "regeneration"  of  reduced  solutions, 
see  previous  editions. 

Osmic  acid  is  fomid  in  commerce  in  the  solid  form  in  sealed  tubes. 
The  assio-ned  weights  should  be  checked,  as  they  may  vary  greatly 
(this  does  not  apply  to  the  tubes  sent  out  by  Griibler  and  HoUbora,  or 
Kahlbaum). 

Fixation  hij  the  Vapours. — This  is  indicated  in  most  of 
the  cases  in  which  it  is  possible  to  expose  the  tissues  directly 
to  the  action  of  the  vapour.  The  tissues  are  pinned  out  on 
a  cork,  which  must  fit  well  into  a  wide-mouthed  bottle 
in  which  is  contained  a  little  solid  osmic  acid  (or  1  per  cent, 
solution  will  do).  Very  small  objects,  such  as  isolated  cells, 
are  simply  placed  on  a  slide,  which  is  inverted  over  the 
mouth  of  the  bottle.  They  remain  there  until  they  begin  to 
turn  brown  (isolated  cells  will  generally  be  found  to  be 
sufficiently  fixed  in  thirty  seconds  :  whilst  in  order  to  fix  the 
deeper  layers  of  relatively  thick  objects,  such  as  retina,  an 
exposure  of  several  hours  may  be  desirable).  It  is  well  to 
wash  the  objects  with  water  before  staining,  but  a  very 
slight  washing  will  suffice.  For  staining,  methyl-green  may 
be  recommended  for  objects  destined  for  study  in  an  aqueous 
medium,  and,  for  permanent  preparations,  alum-carmine, 
picrocarmine,  or  hfematoxylin. 

In  researches  on  nuclei,  it  may  be  useful  to  employ  the 
vapours  of  a  freshly  prepared  mixture  of  osmic  and  formic 
or  acetic  acid  (Gilson,  La  Cellule,  i,  1885,  p.  96). 

An  apparatus  for  conveniently  employing  the  vapours  is  described 
by  Andrews  {Zeit.  wiss.  Mile,  xiv,  1898,  p.  448). 

The  reasons  for  preferring  fixation  by  the  vapour  are  that  osmic  acid 
is  more  highly  i)enetrating  in  vapour  than  in  solution;  that  the 
arduous  washing  out  required  hj  the  solutions  is  done  away  with ;  and 
that  all  possibility  of  deformation  through  osmosis  is  eliminated. 

Fixation  hy  Solutions. — Osmic  acid  is  now  very  seldom 
used  piore  in  the  shape  of  solutions.  When,  however,  it  is 
so  employed  it  is  used  in  strengths  varying  from  per 
cent,  to  1  per  cent.    I  should  say  myself  that,  as  a  rule,  not 
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more  than  O'l  per  cent.,  and  never  more  than  0'5  per  cent., 
should  be  used. 

On  account  of  its  feeble  penetrating  power  the  objects  to 
be  fixed  should  bo  as  suiall  as  fossihle. 

A  little  acetic  or  formic  acid  (0-5  to  1  per  cent.)  may 
generally  with  advantage  be  added  to  the  solutions  just 
befoT-e  using. 

The  solutions  should  be  kept  protected  from  the  light 
during  the  iniTnersion  of  tissues.  ('rhis  precaution  is  not 
necessary  if  Flemming's  or  Hermann's  solution  be  used).  If 
the  immersion  is  to  be  a  long  one  the  tissues  must  be  placed 
with  the  solution  in  well-closed  vessels.  The  objects  may 
be  deemed  to  be  fixed  as  soon  as  they  have  become  brown 
throughout. 

After-Treatment. — The  excess  of  osmic  acid  must  be  well 
wasiied  out  before  proceeding  to  any   further   steps  m 
preparation  ;  water  should  be  used  for  washing.  Notwith- 
standing the  greatest  care  in  soaking,  it  frequently  happens 
that  some  of  the  acid  remains  in  the  tissues,  and  causes 
thein  to  blaclcen  in  time,  and  in  any  case  hinders  staining. 
To  obviate  this  blackening  it  has  been  advised  to  wash  them 
out  in  ammonia-carmine  or  picro-carmine  (not  very  effectual), 
or  to  soak  them  for  twenty-four  hours  in  a  solution  of  bichro- 
mate of  potash  (Miiller's  solution  or  Brlicki's  will  do),  or  in 
0-5  per  cent,   solution   of   chromic   acid,   or   in  iMerkel's 
solution.     The  treatment  with  bichromate  solutions  has  the 
great  advantage  of  highly  facilitating  staining  with  carmine 
or  htematoxylin.     Max  Schultze  recommended  washmg,  and 
mounting  permanently  in  acetate  of  potash.    Fol,  treatment 
with  a  weak  solution  of  carbonate  of  ammonia.   But  the  best 
plan   of  all  is   to  properly   Ueach  the  preparations  (see 
"  Bleaching").     This  may  be  done  by  means  of  ferosoide  of 
hydrogen.     Ovekton  {Zeit.  w!ss.  Mih.,  vii,  1890,  p.  10)  finds 
that  it  is  completed  in  a  few  minutes  in  a  mixture  of  1  part 
commercial  peroxide  with  10  to    25  parts  70   per  cent, 
alcohol.     (The  commercial  peroxide,  slightly  acidulated  with 
HCl,  will  keep  well  in  the  dark ;    but  the  mixture  with 
alcohol  must  be  made  fresh  for  use.)     According  to  Bristol 
{Amer.  Natural,  xxvii,  1893,  p.  176)  the  peroxide  acts  best 
in  the  sun.     Binkt  {Jonrn.  ,le  VAnat.  ct  de  la  Physiol,  xxx, 
1894,  p.  449)  has  successfully  used  permanganate  of  potash. 
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Mann  {Methods,  otc,  p.  83)  takes  a  solution  of  0'25  per 
cent.,  and  treats  the  browned  tissues  with  1  part  of  saturated 
solution  of  sulphurous  acid  to  9  of  normal  salt  solution.  .  .  . 
MoNCKEBERG  and  Bethe  [Arch.  Mik.  Anat.,  liv,  1899,  p.  135) 
have  succeeded  in  satisfactorily  restoring  the  staining 
susceptibility  of  osmium  material  by  means  of  sulphurous 
acid  (obtained  by  adding  hydrochloric  acid  to  bisulphite  of 
sodium,  2  to  4  drops  of  the  acid  added  to  10  c.c.  of  a  2  per 
cent,  solution  of  the  salt). 

FoL  {Lehrb.,  p.  174)  recommends  a  weak  aqueous  solution  of  ferri- 
cy.anide  of  potassiuui. 

I  find  the  siilphate  of  kon  solution  used  in  Benda's  hrematoxylin 
stain  has  a  marked  bleaching  effect,  and  so  also,  though  in  a  less 
degree,  the  iron  alum  of  Heidenliaiu's  process. 

Altmann  (Die  Elemeniarorganismen,  pp.  33  and  35)  puts  sections 
overnight  into  gold  chloride  of  2  per  cent.,  and  rediices  in  formic 
acid  in  the  sun,  and  removes  the  gold  by  iodised  alcohol. 

But  perhaps  the  best  plan  is  the  chlorine  method  of  Mater, 
or  his  magnesium  peroxide,  for  both  of  which  see  Bleaching. 

The  same  stains  recommended  for  objects  fixed  by  the 
vapours  will  be  found  useful  here.  For  sections,  of  course, 
in  both  cases  safranin  and  other  anilin  stains  may  be  em- 
ployed with  advantage,  as  may  hematoxylin. 

In  general  ^osmic  acid,  especially  when  used  in  the  form 
of  vapour,  fixes  protoplasm  very  faithfully,  nuclei  badly.  It 
is  pre-eminently  a  fixative  of  the  hyaloi:>lasm  or  enchylema  of 
cells.  The  "penetrating  power  of  the  solution  is  very  loiv,  so 
that  if  any  but  very  small  pieces  of  tissue  be  taken  the  outer 
layers  become  over-fixed  before  the  reagent  has  penetrated 
to  the  deeper  layers.  Over-fixed  cells  have  a  certain 
homogeneous,  glassy,  or  colloid  look,  and  are  unfit  for  study, 
and  attention  should  be  confined  to  cells  four  or  five  layers 
deeper  down,  which  will  generally  be  found  to  present  the 
required  intensity  of  fixation.  In  these  the  fixation  is 
adnurable,  with  no  shrinkage  and  next  to  no  swelling  of 
anything. 

36.  Osmie  Mixtures. — Ranvier  et  Vignal  (Rattvier,  Lcq. 
d'Anat.  Gen.,  p.  76 ;  Yignal,  Arch,  de  Physiol,  ISSi,  p.  181)  take  equal 
volumes  of  1  per  cent,  osmio  acid  and  90  per  cent,  alcohol  (freshly 
mixed).  They  wash  out  in  80  per  cent,  alcohol,  tlien  wash  with  water 
and  stain  for  forty-eight  hours  in  picro-carniiue  or  htcmatoxylin. 
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Nicolas  {Intern.  MonaUschr.,  1891,  p.  3)  adds  4  pev  cent,  of  osmic 
acid  to  nitric  acid  of  3  per  cent.  I  have  employed  a  fiimilar  mixture 
and  not  had  good  results,  though  I  find  the  mixture  keeps  perfectly^ 

BUSCH  [Neurol.  Cenlralh.,  xvii,  1898,  No.  10,  p.  476  ;  Zed.  wrss.  mic, 
XV  V  373)  finds  that  the  penetration  of  osmic  acid  is  enhanced  by 
combininff  it  with  iodate  of  sodium,  which  by  hindering  its  too  rapid 
decomposition  in  the  tissues  ensures  a  more  energetic  action  m  the 
deeper  layers.    He  adds  3  per  cent,  of  sodium  iodate  to  a  1  per  cent. 

solution  of  osmic  acid. 

Unna  (Monatschr.praU.  Derm.,  xxvi,  1898,  p.  602)  adds  1  per  cent, 
of  alum  to  a  1  per  cent,  solution.  For  some  niixtures  of  Kolossow, 
see  5lh  ed  ,  or  Zcit.  wiss.  Mihr.,  v,  1888,  p.  51,  and  ix,  1892,  p.  3J. 


37  Chromic  Acid.-Chromic  anhydride,  CrOg,  is  found  in 
commerce  in  the  form  of  red  crystals  that  dissolve  readily  in 
^yater,  forming  chromic  acid,  H^CrO,.  These  crystals  are 
very  deliquescent,  and  it  is  therefore  well  to  keep  the  acid 
in  stock  in  the  shape  of  a  1  per  cent,  solution.  Care  must 
be  taken  not  to  allow  the  crystals  to  be  contaminated  by 
organic  matter,  in  the  presence  of  which  the  anhydinde  is 
readily  reduced  into  sesquioxide. 

Chromic  acid  is  generally  employed  in  aqueous  solution. 
Some  observers  (Ki-EtN;  Urban  Piutchard;  Perenyi)  have  re- 
commended alcoholic  solutions ;  but  this  is  evidently  irrational. 
For  in  the  presence  of  alcohol  chromic  acid  has  a  great 
tendency  to  hecome  reduced  to  chromous  oxide  or  sesquioxide, 
neither  of  which  appears  to  have  any  fixing  power. 

The  most  useful  strengths  in  which  it  is  employed  m  aqueous 
solution  are  from  01  to  PO  per  cent,  for  a  period  of  immersion 
of  a  few  hours  (structure  of  cells  and  ova).  For  nerve  tissues 
weaker  solutions  are  taken,  ^  i  per  cent,  for  a  few 
hours.  Stronger  solutions,  such  as  5  per  cent.,  should  only 
be  allowed  to  act  for  a  few  seconds. 

Washmq  out.-The  general  practice  is  to  wash  out  very 
thorough!;  with  water  (by  preference  running  water,  tor 
many  hoars),  before  bringing  into  alcohol  or  any  staining 
liquid  For  if  the  objects  are  put  direct  into  alcohol  it  is 
found"  that  after  a  short  time  a  fine  precipitate  is  thrown 
down  on  the  surface  of  the  preparations,  thus  forming  an 
obstacle  to  the  further  penetration  of  the  a  cohol  Previous 
washing  by  water  does  not  prevent  the  formation  of  this 
precipitate,  and  changing  the  alcohol  does  not  prevent  it 
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from  forming  again  and  again.  It  has,  however,  been  found 
by  PIans  Viechow  {Arch.  viik.  Anat.,  xxiv,  1885,  p.  117)  that 
it  may  be  entirely  prevented  by  simply  keeping  the  prepara- 
tions in  the  dark.  The  alcohol  becomes  yellow  as  usual  (and 
should  be  changed  as  often  as  this  takes  place),  but  no 
precipitate  is  formed.  If  this  precaution  be  taken,  previous 
washing  with  water  may  be  omitted,  or  at  all  events  greatly 
abridged. 

Matee  {Grundziige,  1st  ed.,  p.  28)  proceeds  as  follows: — 
The  fixed  material  is  merely  rinsed  in  water  and  brought 
direct  into  70  per  cent,  alcohol.  It  is  washed  therein,  pre- 
ferably in  the  dai-k,  until  after  several  changes  the  alcohol 
remains  colourless.  It  is  then  either  passed  through  higher 
alcohols  and  imbedded  in  paraffin,  the  chromous  oxide  (or 
whatever  chrome  compound  it  may  be  that  is  present  in  the 
tissues)  being  removed  from  the  sectioiis  after  these  are 
made  ;  or  this  necessary  removal  is  performed  at  once.  If 
this  be  preferred,  the  material  is  brought  into  sulphuric  acid 
diluted  with  twenty  volumes  of  water,  or  into  nitric  acid 
diluted  with  ten  volumes  of  water.  After  at  most  a  few 
hours  therein,  it  will  have  become  of  a  light  greyish  green, 
and  on  removal  of  the  acid  may  be  readily  stained.  If  it  be 
preferred  to  treat  the  necMons,  it  is  sufficient  to  put  them  into 
the  usual  hydrochloric  acid  alcohol  (four  to  six  drops  of  HCl 
to  100  c.c.  of  70  per  cent,  alcohol),  in  which  after  a  short 
time  they  become  almost  white,  and  will  stain  expellently 
with  any  of  the  usual  stains.  So  also  Edikgee  [Zeit.  wiss. 
Mih.,  i,  1884,  p.  126;  nitric  acid  1  :  20  for  five  minutes). 
Unna  {Arch.  mih.  Anat.,  xxx,  1887,  p.  47)  holds  that  the 
chrome  is  present  in  the  tissues  in  the  form  of  chromic 
chromate,  and  removes  it  by  treatment  with,  peroxide  of 
hydrogen.  Oveeton  {Zeit.  iciss.  Mih.,  vii,  1890,  p.  9)  employs 
a  weak  solution  of  sulphurous  acid,  which  converts  it  into  a 
sulphate.  See  also  the  directions  for  bleaching  osmic  acid 
preparations,  §  35. 

Tissues  that  have  been  fixed  in  chromic  acid  may  be 
stained  in  aqueous  solutions,  as  water  does  not  have  an 
injurious  effect  on  them. 

The  best  stain  for  chromic  material  that  has  not  been 
treated  by  Mayer's  special  process,  or  by  a  similar  one,  is 
hsematoxylin,  or,  for  sections,  the  basic  tar  colours. 
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Chromic  acid  is  not  a  very  penetrating  reagent,  and  for 
this  reason,  as  well  as  for  others,  is  now  seldom  used  pure 
for  fixing. 

For  prolonged  hardening  it  is  generally  employed  in 
strengths  of  i  per  cent,  to  h  per  cent.,  the  immersion  lasting 
a  few  days  or  a  few  weeks,  according  to  tlie  size  and  nature 
of  the  object.  Mucous  membrane,  for  instance,  will  liarden 
satisfactorily  in  a  few  days;  brain  will  require  some  six 
weeks. 

Large  quantities  of  the  solution  must  be  taken  (at  least 
200  grammes  for  a  piece  of  tissue  of  1  centimetre  cube— 
Ranvier) , 

In  order  to  obtain  the  best  results  you  shbuld  not  employ 
portions  of  tissue  of  more  than  an  inch  cube.  For  a  human 
spinal  cord  you  should  take  two  litres  of  solution,  and  change 
it  for  fresh  after  a  few  days.  Six  weeks  or  two  months  are 
necessary  to  complete  the  hardening. 

I  think  it  is  frequently  useful  to  add  a  little  glycerin; 
there  is  less  brittleness. 

The  solution  should  be  taken  weak  at  first,  and  the  strength 
increased  after  a  time.  The  objects  should  be  removed  from 
the  solution  as  soon  as  they  have  acquired  the  desired  con- 
sistency, as  if  left  too  long  they  will  become  brittle.  They 
may  be  preserved  till  wanted  in  alcohol  (95  per  cent.).  It  is 
well  to  wash  them  out  in  water  for  twenty -four  or  forty-eight 
hours  before  putting  them  into  the  alcohol.  After  a  time 
they  generally  become  green  in  the  alcohol.  They  may  be 
bleached  if  desired. 

Chromic  acid  is  a  most  powerful  and  rapid  hardennig 
agent.  (By  it  you  may  obtain  in  a  few  days  a  degree  of 
hardening  that  you  would  hardly  obtain  in  as  many  weeks 
with  bichromate,  for  instance.)  It  has  the  defect  of  a  great 
tendency  to  cause  brittleness. 

38  Chromic  Acid  and  Aleoliol  (Urban  Pritchabd,  QuaH. 
Journ  Mic.  Sci.,  1873,  p.  427).— Chromic  acid,  1  part;  water,  20  parts  ; 
rectified  spirit,  180  parts.     For  hardening  siicli  tissiies  as  retma, 

cochlea,  etc.  _  -ii  i  j. 

A  mixture  of  2  parts  of  i  per  cent,  chromic  acid  solution  with  1  part 
of  methylated  spirit  was  once  much  used  by  Klkin  {Quart.  Journ.  Mtc. 
Sci.,  1878,  p.  315).  ^  .     ,.  , 

Both  these  mixtures  are  iiTational  (see  §  37).    A  stiU  more  in-ational 
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mixfciu-e  with  oxalic  acid  liaa  been  propounded  by  Graf  {GonL  Path. 
Inst.  Neiv  York  State  Hosp.,  1898,  No.  15 ;  see  Gruadziige,  4.tli  ed., 
p.  34). 

39.  Chromo-acetic  Acid  (Flemming,  Zellshz.,  Kern.  u.  ZelUh., 
p.  382). 

Chromic  acid  .        .  0-2  to  0-25  per  cent. 
Acetic  acid     .        .  O'l  per  cent,  in  water. 

Flemming  found  this  the  best  reagent  for  the  study  of 
the  achromatic  elements  of  karyokinesis.  You  can  stain  with 
hsematoxylin,  or  the  basic  anilin  dyes. 

The  following  has  been  recommended  for  Annelids  by 
Ehlees  :— To  100  c.c.  of  cliromic  acid  of  O'S  to  1  per  cent, 
add  from  1  to  5  drops  of  glacial  acetic  acid.  The  acetic 
acid  is  said  to  be  sufficient  to  counteract  any  shrinkage  due 
to  the  chromic  acid. 

Similar  to  this  is  the  "  chromo-acetic  acid,  No.  1,"  of  Lo 
Bianco  [Mitth.  Zool.  Stat.  Neapel,  ix,  1890,  p.  443),  viz.  1 
part  50  per  cent,  acetic  acid  and  20  parts  1  per  cent,  chromic 
acid,  which  is  found  very  useful  for  fixing  marine  animals. 

40.  Chromo-formic  Acid.  (Rabl,  Morph.  Jahrh.,  x,  1884, 
pp.  215,  216). — Four  or  five  drops  of  concentrated  formic 
acid  are  added  to  200  c.c.  of  0'33  per  cent,  chromic  acid 
solution.  The  mixture  must  be  freshly  prepared  at  the 
instant  of  using.  Fix  for  twelve  to  twenty-four  hours,  wash 
out  with  water.  Used  by  Rabl  for  the  study  of  karyo- 
kinesis. 

41.  Chromo-osmic  Acid  (Max  Flesch,  Arch.  mile.  Anat.,  xvi,  1879, 
p.  300).— Osmic  acid.  010 ;  clu-omic  acid,  0-25 ;  water,  100-0.  Lo  Bianco 
{Mitth.  Zool.  Stat.  Neapel,  ix,  1890,  p.  443)  employs  for  marine  animals 
a  niixtui-e  of  1  part  1  per  cent,  osmic  acid  and  50  parts  1  per  cent, 
chromic  acid. 

42.  Chromo-aceto-osmic  Acid  (Flemming,  Zellsuhstanz,  Kern 
und  Zdltheilung,  1882,  p.  381).     First  or  Weak  formula: 
Chromic  acid.         .         .  0"2o  per  cent. 
Osmic  acid     .         .         .  O'l         „        -in  water. 
Glacial  acetic  acid  .         .0*1  „ 
Meves  [Encycl.  mihr.  Techii.,  I,  p.  475)  sometimes  adds 
1  per  cent,  of  sodium  chloride. 
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FOL  {Lchrh.  d.  vercjl.  m!h.  Avat.,  1884,  p.  100)  recommends  the 

following  variant :  or  i 

1  per  cent,  cliromic  acid  .  •  •  ^'O^^- 

1  per  cent,  osniic  acid  •  •  '  ^  " 

2  per  cent,  acetic  acid  •  •  '  " 
"Water            •          •  •  •  •  68  „ 

-tliat  is  to  say,  a  mixture  much  weaker  m  osmium  than  Flemming's^ 

A  mixture  still  weaker  than  this  in  osmiun,  vaz.  w.th  1  vol.  os  nic 
acid  solution,  instead  of  2,  has  been  recommended  by  Gobi  {Ze^t.  w.ss. 
Mik.,  vi,  1890,  p.  441). 

Second  or  Strong  formula  {Zeit.  wiss.  Mik.,  \,  1884, 
p.  349): 

1  per  cent,  chromic  acad     .        .  15  parts. 

2  per  cent,  osmic  acid        .        .    4  „ 
Glacial  acetic  acid     .        .        -1  P^rt. 

If  this  mixture  be  kept  in  stock  in  large  quantities,  it 
may  go  bad,  on  account  of  the  large  proportion  of  organic 
acid  contained  in  it.  I  therefore  recommend  that  the  osmic 
and  chromic  acid  be  kept  ready  mixed  in  the  proportions 
given,  and  5  per  cent,  of  acetic  acid  added  at  the  moment  of 

'"'"weaker  FoEMULA.-More  recently,  Flemming  has  been 
making  up  the  mixture  with  only  2  parts  of  the  osmic  acid 
instead  of  4,  and  has  spoken  of  this  modification  as  weaker 
osmium  mixture"  (Meves,  in  Encycl.  M^h:  Teclm  p.  476) 
Meves  [he.  cit.)  takes  for  delicate  ohjecis  15  parts  of 
chromic  acid  of  only  0-5  per  cent.,  2  or  4  of  osmic  acid  of 
2  per  cent.,  and  1  of  acetic  acid,  and  thus  gets  less 
shrinkage. 

PonwYSSOZKi  recommends  (for  glands  especially)  the  following  modi- 
fication    cent.  CrO,  dissolved  in  0-5  per  cent,  solution  of 

corrosive  sublimate     .  ■  •  •  '4,  c  c 

2  per  cent,  osmic  acid  solution  .  •  •  •  ^     ^  ^"  ^^^^ 

T^":^^::!,  to  augment  the  penetration  of  tl^e  osmium^ut 
is  unfavourable  to  staining  (Zikoleb's  Beitrage  path.  Anat.,  1, 1886  , 
Zeit.  iviss.  Mik.,  iii,  1886,  p.  405). 

The  first  or  weak  liquid  is  the  better  for  very  small 
obiects  the  second  or  strong  one  for  larger  ones,  as  it  has 
t  eT;eLration.  These  liquids  may  be  allowed  to  act  for 
Z^y  hours  or  days,  or  according  to  some  workers  even 
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weeks  Of  mouths  ;  bat  this  exaggerated  Hxation  is  clearly 
only  justiRable  in  very  special  cases,  if  at  all.  Wash  out 
very  thoroughly  in  water  (running,  24  hours,  or  treat  as 
directed  for  chromic  acid  §  37).  Stain  with  alum  hjBma- 
toxylin  if  you  wish  to  stain  in  Mo  (staining  m  this  way 
with  other  reagents  is  possible,  but  difficult).  Stam  sections 
with  safranin  or  other  basic  coal-tar  colour,  or  with  iron 
haematoxylin. 

For  fixing  with  the  strong  mixture  you  need  only  take  a 
bulk  of  liquTd  of  some  4  times  the  volume  of  the  objects  (but 
with  the  weak  mixture  the  proportion  should  be  increased). 
Both  of  them  are  first-rate  fixatives  of  cellular  structures, 
both  as  regards  their  fveseTvation  and  as  regards  their 
optical  differentiation.     But  they  must  be  properly  used,  and 
not  applied  to  objects  for  which  they  are  not  fitted.  For 
instance,  their  power  of  penetration  is  extremely  had  ;  they 
will  not  fix  properly,  even  in  a  loose-celled  tissue,  through 
more  than  a  layer  of  about  live  cells  thick.     They  are 
therefore  suitable  only  for  very  small  objects  or  for  very 
small  pieces  of  tissue,  such  as  suffice  for  cytological  or 
histological  work.    The  strong  liquid  especially  has  not  the 
character  of  a  general  reagent.    As  a  matter  of  fact  it  was 
recommended  by  Flemming  in  the  first  instance  merely  for  a 
very  special, purpose,  the  hunting  for  karyokinetic  figures, 
and  not  for  general  purposes.    It  is  still  very  much  used,  but 
in  my  opinion  unadvisedly.    In  most  cases,  Bouin's  picro- 
formol  will  do  all  that  it  is  intended  to  do,  without  its 
disadvantages. 

It  may  be  used  for  prolonged  hardening,  e.  g.  of  small 
pieces  of  nervous  tissue,  and  is  very  good  for  that  purpose. 

Fat  is  blackened  (or  browned)  by  it  (see  §  3o). 
Chromatin  is  mordanted  by  it  for  basic  anilin  dyes,  enabling 
them  to  give  peculiarly  sharp  and  powerful  stains, 

43.  Oamic  Acid  and  Bichromate.— Altmann  {Die  Elementarorgan- 
ismen,  Leipzig,  1890),  takes  for  his  "  bioblasts  "  a  mixture  of  equal  parts 
of  5  per  cent,  solution  of  bichromate  of  potash  and  2  per  cent,  solution 
of  osmic  acid.    The  bichromate  ought  not  to  contain  any  free  chromic 

acid.  „ 

Lo  Bianco  (MUth.  Zool.  Stcd.  Neapel,  ix,  1890,  p.  413)  employs  for 
marine  animals  a  mixture  of  100  c.c.  of  5  per  cent,  solution  of  bichro- 
mate and  2  c.c.  of  1  per  cent,  osmic  acid. 
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HoEHL  {Arch.  Anat.  Phys.,  Anat.  Ahth.,  1896,  p.  31), 
recommends  a  mixture  of  80  c.c.  of  3  per  cent,  bichromate, 
20  c.c.  of  1  per  cent,  osmic  acid,  and  2  c.c.  of  glacial  acetic 
acid. 

44.  Osmic,  Bichromate,  and  Platinic  Mixture  (Lindsay  John- 
son's Mixture).— Latest  formula,  1895,  communicated  by  Dr. 

Lindsay  Johnson  : 

Bichromate  of  potash  (2-5  per  cent.)  .     70  parts. 
Osmic  acid  (2  per  cent.)    .        •        ,     10  „ 
Platinum  chloride  (1  per  cent.)  .     15  „ 

Acetic  or  formic  acid  .  •  •  ^  ,  " 
Henneqdy,  who  has  worked  a  great  deal  with  this  reagent 
and  recommends  it  highly,  says  {herons  sivr  la  Cellule,  p.  61) 
that  it  is  well  only  to  add  the  acetic  or  formic  acid  just  before 
using,  as  it  frequently  reduces  the  osmium  and  platinum 
very  rapidly  and  energetically.  He  finds  that  it  contracts 
the  more  spongy  sorts  of  protoplasm  less  than_  mixture  of 
Flemming.    I  think  highly  of  it— for  certain  objects. 

45  Platino-aceto.osmic  Acid  (Hermann's  solution  {Arch.  mile. 
Anat.,  xxxiv,  1889,  p.  58).  One  per  cent,  platinum  chloride 
15  parts,  glacial  acetic  acid  one  part,  and  2  per  cent,  osmic 
acid  either  4  parts  or  only  2  parts.  Hermann  found  that 
protoplasmic  structures  are  thus  better  preserved  than  with 

the  chromic  mixture. 

The  after-treatment  and  staining  should  be  the  same 
as  for  objects  treated  with  Flemming's  solution.  Rengel 
[Zeit.  wiss.  Zool.,  Ixiii,  1898,  p.  454)  washes  out  for  half  an 
hour  to  an  hour  with  saturated  aqueous  sol.  of  picric  acid, 
which  he  thinks  facilitates  the  staining,  especially  of  nuclei. 

The  action  of  this  fixative  is,  roughly,  similar  to  that  ot 
Flemmino-'s.  Like  Flemming's,  it  mordants  chromatm  for 
staining  with  "  basic  "  colours,  with  which  it  affords  equally 
fine  nuclear  stains.  But,  owing  to  the  platinum  m  it,  it 
diminishes  more  than  Flemming's  the  colorabihty  of  tissues 
with  "acid"  colours,  so  that  it  is  extremely  difficult  to 
obtain  good  plasma  stains  after  its  action.  It  causes  a 
notable  shrinkage  in  chromatin.  It  gives  a  fidl  fixation  of 
cytoplasm,  to  which  it  gives  a  much  more  fine-grained 
aspect  than  liquid  of  Flemming  does. 
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A  mixture  of  Borbbl's  (from  Catjllert  and  Mesnil,  Arch.  Prolis-. 
ienle,  v'i,  1905,  p.  281),  consists  of  2  parts  of  osmic  acid,  2  of  platinum 
chloride,  3  of'clu-omic  acid,  20  of  acetic  acid,  and  350  of  water. 

46.  Rawitz  {ZcH.  wiss.  Mih:,  xxv,  1909,  p.  386)  takes  4.  parts  of 
Kahlbaum's  Phospho'-Tungstie  acid,  5  of  alcohol,  and  1  of  acetic  acid, 
added  just  before  use,  fixes  for  24  hoiu's,  and  washes  out  the  sections 
before  staining  with  water  containing  a  little  calcium  acetate. 

47.  Nitric  Acid  (Altmann,  Arch.  Anat.  Phys  ,  1881,  p.  219)— 
Altmann  employs  for  fixing  embryos  dilute  nitric  acid,  containing  from 
3  to  3i  per  cent,  pure  acid.  Such  a,  sohition  has  a  sp.  gr.  of  about  1-02. 
Stronger  solutions  have  been  used,  but  do  not  give  such  good  final 
results.  After  extensive  trial  I  find  Altmann's  solution  to  be  a  second- 
rate  reagent,  giving  a  weak  and  thin  fixation. 

His  {ihid.,1877,  p.  115)  recommended  a  10  per  cent,  solution.  Flemming 
at  one  time  employed  solutions  of  40  to  50  per  cent,  for  the  ova  of 
Invertebrates. 

Tellybsniczky  {Arch.  mih.  Anat.,  hi,  2, 1898,  p.  222)  thinks  that  "  for 
general  ceU-fixing  "  the  proper  strength  is  2  per  cent,  to  2^  per  cent.,  as 
stronger  grades  act  too  energetically  on  the  superficial  layei's. 

Mater  has  had  good  resiilts  with  5  per  cent,  solution. 

Nitric  acid  has  the  valuable  property  of  hardening  yolk  without  making 
it  hnttle. 

Pure  water  should  in  no  case  be  used  for  washing  out;  the  pre- 
pai-ations  should  be  brought  direct  into  alcohol.  Some  persons  take 
absolute,  but  I  should  say  70  per  cent,  is  more  generally  indicated. 
Rabl  has  employed  a  1  or  2  per  cent,  solution  of  alum. 

For  prolonged  hardening,  strengths  of  from  3  to  10  per^  cent,  are 
sometimes  employed.  A  strength  of  12  per  cent.,  allowed  to  act  for  two 
or  thi-ee  weeks,  is  said  to  afford  very  tough  preparations  of  the  en- 
cephalon. 

Benda  {Verh.  Anat.  Ges.,  1888;  Ergeh.d.  Anat.,  i,  1891,  p.  7)  fixes  for 
twenty-foiir  to  forty-eight  hours  in  10  per  cent,  nitric  acid,  and  then 
hardens  in  bichromate  of  potash. 

Fol's  Mixture  (verbally  communicated  to  me). — Three  vols,  of  nitric 
acid,  with  97  vols,  of  70  per  cent,  alcohol. 

48,  Chrome-nitric  Acid  (Perenti's  formula,  .ZooJ.  ^MzeiV  ,  v,  1882, 
p.  459) : 

4  parts  10  per  cent,  nitric  acid. 
3  parts  alcohol. 

3  parts  0'5  per  cent,  chromic  acid. 

Fix  for  4  to  5  hours  and  pass  into  alcohol  of  70  per  cent. 

This  mixture  has  been  criticised  (see  previous  editions)  as  irrational, 
the  alcohol  reducing  the  chromic  acid  and  itself  becoming  etherised  by 
the  nitric  acid.  Some  workers  reject  it,  especially  for  ova,  for  which  it 
is  specially  intended.  But  others  speak  highly  of  it.  I  myself  have 
used  it  extensively  for  preparing  objects  for  dissection  and  museum 
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specimens,  and  found  it  admirable  for  these  pui-poses.  B  ut  preparations 
made  to  test  its  value  from  a  cytolo;^ical  point  of  view  have  given  me 
only  second-rate  results.    It  is  now  little  i;sed. 

49.  Chromic  Acid  and  Platinum  Chloride  (Merkel's  Macula 
lutea  des  Menschen,  Leipzig,  1870,  p.  19). — Equal  volumes  of 
1-400  solution  of  cliromic  acid  and  1'400  solution  of  platinum 
chloride.  Objects  should  remain  in  it  for  several  hours  or 
even  days.  After  washing  out  with  alcohol  of  50  per  cent, 
to  70  per  cent.,  objects  stain  excellently.  If  objects  that 
have  been  fixed  by  osmic  acid  be  put  into  it  for  some  hours, 
blackening  is  said  to  be  effectually  prevented. 

This  is  an  excellent  hardening  medium  for  delicate  objects. 
Merkel  allowed  from  three  to  four  days  for  the  action  of  the 
fluid  for  the  retina;  for  Annelids  Bisig  employs  an  immersion 
of  three  to  five  hours,  and  transfers  to  70  per  cent,  alcohol ; 
for  small  leeches  Whitman  finds  one  hour  sufficient,  and 
transfers  to  50  per  cent,  alcohol. 

A  similar  mixture,  with  the  addition  of  0'25  to  O'l  per 
cent,  of  acetic  acid,  is  recommended  by  Brass  for  Protozoa ; 
and  Lavdowsky  has  used  for  nuclei  a  mixture  of  10  parts  of 
1  per  cent,  chromic  acid,  5  of  1  per  cent,  platinum  chloride, 
and  100  of  5  per  cent,  acetic  acid. 

"Whitman  recommends  for  the  hardening  of  pelagic  fish 
ova,  a  stronger  mixture  (due,  I  believe,  to  Bisig),  viz. — 
0*25  per  cent,  solution  of  platinum  chloride     .     1  vol. 
1  per  cent,  solution  of  chromic  acid        .        .     1  ,, 
The  ova  to  remain  in  it  one  or  two  days  (Whitman,  Methods 
in  Micro.  Anat.,  p.  153). 

Salts. 

50.  Chromates.— The  chromates  are  amongst  the  oldest  and 
best  tried  of  hardening  agents.  The  bichroinate  of  potash 
especially  was  at  one  time  universally  employed  for  hardening 
all  sorts  of  tissues. 

Flemming  [Arch.  mile.  Anat.,  xviii,  1880,  p.  352)  pointed 
out  that  though  it  preserves  cytoplasm  well  it  causes 
chromatin  to  swell,  and  therefore  should  not  be  employed 
for  the  stidy  of  nuclei.  But,  duly  corrected  loith  acetic  acid, 
it  affords  a  correct  and  fine  fixation  of  nuclei ;  whilst  pre- 


FIXING  AND  HARDENING  AGENTS. 


41 


serving  hyaloplasm  and  its  inchisions,  secretions,  etc.,  much 
better  than  chromic  acid. 

For  an  elaborate  study  of  the  action  of  clirome  salts  on 
nucleus  and  cytoplasm,  see  BuRCKjfcARDT,  La  Cellule,  xii,  1897, 
p.  335.  He  finds  that  the  bichronl-ates  of  sodium,  ammonium, 
magnesium,  strontium,  and  zinc  have  the  same  destructive 
action  on  nuclei  that  the  bichromate  of  potassium  has ;  but 
that  the  bichromates  of  barium,  calcium,  and  copper  have 
not.  He  concludes  that  acetic  acid  ought  always  to  he  added, 
not  only  to  ensure  the  correct  fixation  of  nuclei,  but  also  to 
enhance  penetration  and  the  good  preservation  of  cytoplasm. 

The  following  is  recommended  by  him  as  a  good  combina- 
tion for  the  fixation-both  of  cytoplasm  and  nucleus  : 

Bichromate  of  barium,  4  per  cent,  solution    .     60  vols. 
Bichromate  of  potassium,  5  per  cent,  solution    oO  „ 
Glacial  acetic  acid    .        .        .        •        •      5  „ 
(Instead  of  the  barium  you  may  take  4  per  cent,  solution 
of  bichromate  of  calcium,  or  6  per  cent,  solution  of  bichromate 
of  copper.) 

For  the  demonstration  of  the  achromatic  figure  of  cell 
division  he  recommends — 

Chromic  acid,  1  per  cent,  solution       .        .     60  vols. 
Bichromate  of  potassium,  5  per  cent,  solution    30  „ 
Grlacial  acetic  acid     .        .        .        .        •      5  „ 

51.  Bichromate  of  Potash. — Perhaps  the  most  important  of 
all  known  hardening  agents,  sensu  stricto.  It  hardens  slowly, 
much  more  so  than  chromic  acid,  but  it  gives  an  incom- 
parably better  consistency  to  the  tissues.  They  may  remain 
almost  indefinitely  exposed  to  its  action  without  much  hurt. 

The  strength  of  the  solutions  employed  is  from  2  to  5  per 
cent.  As  with  chromic  acid,  it  is  extremely  important  to 
begin  with  weak  solutions  and  proceed  gradually  to  stronger 
ones.  About  three  weeks  will  be  necessary  for  hardening  a 
sheep^s  eye  in  solutions  gradually  raised  from  2  to  4  per  cent. 
Spinal  cord  requires  from  three  to  six  weeks  ;  a  brain  at  least 
as  many  months. 

After  hardening,  the  objects  should  be  well  soaked  out  in 
water  before  being  put  into  alcohol,  or  be  treated  as  directed 
for  chromic  acid,  §  37.  They  had  better  be  kept  in  the  dark 
when  in  alcohol  (see  §  37).     (Bohm  and  Oppbl  [Taschenbuch , 
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3  Auf.,  1896,  p.  22]  fix  in  the  davk.)  If  yon  wish  lo  have 
a  good  stain  with  carmine  you,  should  not  ^mt  the  objects  into 
alcohol  at  all,  even  for  a  second,  lontil  they  have  been  stained. 

You  may  stain  either  with  carmine  or  hasniatoxylin,  as 
well  as  with  tar  colours. 

Bicln-omate  objects  have  au  ugly  yellow  coloiir  which  cannot  be  re- 
moved by  mere  soaking  in  water.  It  is  said  that  it  can  be  removed  by 
washing  for  a  few  minutes  in  al  per  cent,  solution  of  chloral  hydrate. 

Prof.  GiLSON  writes  me  that  alcoholic  solution  of  sulphurous  anhy- 
dride (SO,)  is  very  convenient  for  the  rapid  decoloration  of  bichromate 
objects.    A  few  drops  saface.    See  also  §  37,  and  "  Bleaching." 

To  facilitate  staining  with  hasmatoxylin,  Wolff  {Zeit.  wiss.  Mile.,  xv, 
3  1899,  p.  311)  first  stains  in  Boehmer's  ha3matoxylin  for  twenty-four 
hoiu-s,  and  then  for  a  few  minutes  in  the  same  ha;matoxylin  to  which 
has  been  added  1  drop  per  watch-glassful  of  5  per  cent,  solution  of 
oxahc  acid. 

The  simple  aqueous  solution  of  bichromate  is  hardly  to  be 
recommended  as  a  fixing  agent,  because  not  only  does  it  not 
preserve  nuclei  properly,  but  also  because  it  penetrates  very 
slowly.  The  first  of  these  defects  may  be  overcome  entirely, 
the  second  to  some  extent  by  addition  of  acetic  acid ;  whence 
the  liquid  of  Tellyesniczky,  next  §. 

52.  Acetic  Bichromate  (Tellyesniczky,  Arch,  mil:  Anat.,  lii, 

1889,  p.  242) 

Bichromate  3  grms. 

Glacial  acetic  acid .        .        •  ^  ^.c. 

Water  "^^^  " 

Smaller  objects  to  remain  in  the  fluid  for  one  or  two  days, 
larger  ones  longer.  Wash  well  in  plenty  of  water,  and  pass 
through  alcohols  of  increasing  strength,  beginning  with  15 
per  cent. 

Mixtui-es  of  bichromate  with  osmic  acid  have  been  given  above,  §§  43 
and  44. 

53.  Mtillek's  Solution.— 

Bichromate  of  potash        .        .        .  2-2^  parts. 
Sulphate  of  soda      ....      1  part- 

Water  P'^^'^^-  .  , 

The  duration  of  the  reaction  is  about  the  same  as  with 
the  simple  solution  of  chromic  salt. 
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Kecenfc  authors  find  the  action  of  this  liquid  to  be  identical 
with  that  of  plain  bichromate^  and  doubt  whether  the 
sulphate  in  it  has  any  effect  whatever  as  regards  its  harden- 
ing properties.  Fol  says  that  for  mammalian  embryos,  for 
which  it  has  been  recommended^  it  is  worthless. 

54.  Eklicei's  Solution  [Warschaner  med.  Zeit.,  xxii,  Nos.  15 
and  18;  rrogres  Medical,  1897,  No.  31). — 

Bichromate  of  potash    .        .        2*5  parts. 

Sulphate  of  copper        .        .        TO  part. 

Water  ....  100-0  parts. 
Here  the  addition  of  the  cupric  sulphate  is  intelligible,  for 
this  salt  is  itself  a  hardening  agent  of  some  energy.  As  a 
matter  of  fact,  "Erlicki"  hardens  very  much  more  rapidly 
than  either  simple  bichromate  or  Miiller's  solution.  A  spinal 
cord  may  be  hardened  in  it  in  four  days  at  the  temperature 
of  an  incubator,  and  in  ten  days  at  the  normal  temperature 
(Fol,  Lfhrb.  d.  vergl.  mik.  Anat.,  p.  106).  Human  embryos 
of  several  months  may  be  conveniently  hardened  in  it. 

Nerve-centres  tliat  have  been  hardened  in  Erlicki's  fluid  frequently 
contain  dark  spots  with  irregular  prolongations,  simulating  ganglion- 
cells.  These  are  now  known  to  consist  of  precipitates  formed  by  the 
fluid.  They  may  be  removed  by  washing  with  hot  water,  or  with  water 
slightly  acidified  with  hydrochloric  acid,  or  by  treating  the  specimens 
with  0'5;  per  cent,  chromic  acid  before  putting  them  into  alcohol 
(TscHiscH,  Virchow's  Arch.,  Bd.  xcvii,  p.  173  ;  Edingee,  Zeit.  wins.  Mile, 
ii,  p.  245  ;  LoEWBNTHAL,  Bev.  med.  de  la  Suisse  romande,  6me  annee, 
i,  p.  20). 

55.  Kultschitzky's  Solution  (Zeit  wiss.  Mile,  iv,  1887,  p.  348). — A 
saturated  solution  of  bichromate  of  potash  and  sulphate  of  copper  in 
50  per  cent,  alcohol,  to  which  is  added  at  the  instant  of  using  a  little 
acetic  acid,  five  or  six  drops  per  100  c.c. 

To  make  the  solution,  add  the  finely  powdered  salts  to  the  alcohol  in 
excess,  and  leave  them  together  in  total  darkness,  for  twenty-four  liours. 

Fix  for  twelve  to  twenty-four  hours  in  the  dark.  Then  treat  with 
strong  alcohol  for  twelve  to  twenty-foui-  hours. 

56.  Dekhuyzen's  Liquids  (C.  B.  Acad.  Sci.,  cxxxvii,  1903,  pp.  415 
and  445). — (a)  250  c.c.  of  2-5  per  cent.  sol.  of  bichromate  in  sea-water, 
25  c.c.  of  6  3  per  cent,  nitric  acid,  and  54  c.c.  of  2  per  cent,  osmic  acid. 
For'general  use  with  marine  animals. 

(b)  ^  173-1  c.c.  of  the  bichromate  sol.  and  26-9  of  2  per  cent.  sol.  of 
osmic  acid.  For  objects  containing  calcareous  elements  that  it  is  desired 
to  preserve. 

These  Uquids  are  stated  to  be  isotonic  with  sea-water. 
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57.  Bichromate  and  Sublimate  (Kultschitzky,  Arch.f.  mile.  Anat., 
xlix,  1897,  p.  8).— Two  parts  bicliroinate,  ^  part  corrosive  sublimate, 
50  parts  2  per  cent,  acetic  acid,  and  50  parts  96  per  cent,  alcohol.  The 
mixture  should  l3e  filtered  after  twenty-four  hours.  Tissues  of  verte- 
brates may  remain  in  it  for  four  to  six  days.  Lavdowsky  {Zeit.  loiss. 
Mile,  xvli,  1900,  p.  301),  takes  500  c.c.  of  1  percent,  acetic  acid,  20  to  25 
g.  bicin-omate,  and  5  to  10  c.c.  saturated  solution  of  sublimate  in  water. 

58.  Bichromate  of  Ammonia.— This  salt  is  in  considerable  favour 
for  hardening.  Its  action  is  very  similar  to  that  of  the  potassium  salt. 
Fol  says  that  it  penetrates  somewhat  more  rapidly,  and  hardens  some- 
what more  slowly.  It  should  be  employed  in  somewhat  stronger  solu- 
tions, up  to  5  per  cent. 

59.  Neutral  Chromate  of  Ammonia  is  preferred  by  some.  It  is  used 
in  the  same  strength  as  the  bichromate.  Klein  has  recommended  it  for 
intestine,  which  it  hardens,  in  5  per  cent,  soliation,  in  twenty -four  hours. 

60  Bichromate  of  Calcium.  Sonnenbeodt  {Arch,  mih:  Anat., 
Ixxii  1908  p  416),  fixes  ovaries  of  Gallus  in  20  pai-ts  of  2  per  cent, 
sol.  of  calcium  bichromate  with  10  of  2  per  cent.  sol.  of  sublimate  and 
1  of  acetic  acid. 

61  Bichromates  and  Alcohol.— Mixtui-es  of  bichromate  of  potash 
or  ammonia  with  alcohol  may  be  employed,  and  have  a  more  rapid  action 
than  the  aqueous  solution.  Thus  Hamilton  takes  for  hardening  br am 
a  mixtm-e  of  1  part  methylated  spirits  with  three  parts  of  solution  ot 
MiiUer-  see  also  Ktjltschitzkt's  Mixture,  mite,  ^  5b).  Preparations 
should 'be  kept  in  the  dark  during  the  process  of  hardenmg  m  these 
mixtures. 

62.  Sulphurous  Acid.-WADBiNGTON  {Journ.  Roy.  ific.  Soc,  1883, 
V  185)  uses  a  saturated  solution  of  sulphurous  acid  in  alcohol  for  faxing 
infusoria.  Overton  {Zeit.  wiss.  Mile,  vii,  1890,  p.  9)  uses  the  vapours 
of  an  aqueous  solution  for  fixing  algse. 
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FIXING  AND  HARDRNING  AGENTS.     CHLORIDES,  ORGANIC 
ACIDS,  AND  OTHERS. 

Chlorides. 

63.  Bichloride  of  Mercury  (Corrosive  Sublimate).— Corrosive 
sublimate  is  soluble  in  about  sixteen  parts  of  cold  and  three 
of  boiling  distilled  water.  It  is  more  soluble  in  alcohol 
(1  :  3)  or  in  ether  (1  :  4)  than  in  water.  Its  solubility  in  all 
these  menstrua  is  augmented  by  the  addition  of  hydi-ochloric 
acid,  ammonious  chloride,  or  camphor.  With  sodium  chloride 
it  forms  a  more  easily  soluble  double  salt ;  hence  sea-water 
may  dissolve  over  15  per  cent. 

The  simple  aqueous  solutions  should  always  be  made  with 
distilled — not  spring — water.  The  HgClj  in  them  is  partly 
split  up  by  hydrolysis  into  CI,  H,  and  (UgCl)o,  or  HgClOH 
(see  Ghem.  Gentralli.,  1904,  i,  p.  571  ;  the  statements  of 
Mann  [Methods,  pp.  22,  77]  are  incorrect).  These  solutions 
should  give  an  acid  reaction  with  litmus  paper,  whilst  those 
made  with  strong  sodium  chloride  solution  are  neutral. 

For  fixing,  corrosive  sublimate  may  be  used  pure  ;  but  in 
most  cases  a  finer  fixation  will  be  obtained  if  it  be  aiidified 
with  acetic  acid,  say  about  1  per  cent,  of  the  glacial  acid.  I 
find  that  a  saturated  solution  in  5  per  cent,  glacial  acetic 
acid  is  a  very  good  formula  for  marine  animals ;  for  others 
I  should  take  the  acid  weaker.  Kaisee's  solution  consists  of 
10  g.  sublimate,  3  g.  glacial  acetic  acid,  and  300  g.  distilled 
water  (from  Zeit.  iviss.  Mih.,  xi,  p.  378).  Van  Beneden  has 
used  a  saturated  solution  in  25  per  cent,  acetic  acid,  and 
Lo  Bianco  [Mitth.  Zuol.  Stat.  Nea'pel,  ix,  1890,  p.  443)  a 
mixture  of  2  parts  saturated  solution  with  1  part  of  49  per 
cent,  acetic  acid. 

It  is  sometimes  advisable  to  take  the  most  concentrated 
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solution  obtainable.  For  some  very  contractile  forms  (coral 
polypes,  Planaria),  a  concentrated  solution  in  warm  or  even 
boiling  water  should  be  employed.  For  Arthropoda  alcoholic 
solutions  are  frequently  indicated.  Delicate  objects,  however, 
may  require  treatment  with  weak  solutions. 

Objects  should  in  all  cases  be  removed  from  the  fixing 
bath  as  soon  an  fixed,  that  is,  as  soon  as  they  are  seen  to  have 
become  opaque  throughout,  which  may  be  in  a  few  minutes 
or  even  seconds. 

Wash  out  with  water  or  alcohol.  Alcohol  is  almost  always 
preferable.  Alcohol  of  about  70  per  cent,  may  be  taken, 
and  (Mayee,  Intern.  Monatsschr.  Anat.  Fhys.,  iv,  1887,  p.  43) 
a  little  tincture  of  iodine  may  be  added  to  the  liquid,  either 
alcohol  or  water,  used  for  washing,  enough  to  make  it  of  a 
good  port-wine  colour,  and  the  mixture  be  changed  until  it 
no  longer  becomes  discoloured  by  the  objects.  Apathy 
{Mikrolechnik,  p.  148)  takes  a  O'S  per  cent,  solution  of  iodine 
in  strong  alcohol,  leaves  the  objects  in  it  (suspended)  until 
they  have  become  of  about  the  colour  of  the  solution,  and 
then  washes  for  twenty-four  hours  in  pure  alcohol. 

In  ohstincde  cases  solution  of  iodine  in  iodide  of  potassium  {e.g. 
LuGOL's)  may  be  taken.  Mayer  (Zeit.  wiss.  Mile,  xiv,  1897,  p.  28)  makes 
it  by  dissolving  5  grammes  of  iodide  of  potassium  in  5  c.c.  of  distiUed 
water  and  mixing  this  with  a  solution  of  0  5  gramme  of  iodine  in  45  c.c.  of 
90  per  cent,  alcohol,  but  seldom  uses  the  mixture  concentrated,  merely 
adding  as  much  of  it  as  is  required  to  the  alcohol  or  water  contaimng 
the  objects.  The  important  point  is,  that  the  iodine  and  iodide  be  em- 
ployed tot^ether.  The  iodine  may  be  washed  out  in  obstinate  cases  with 
magnesia'water.     Similarly  Apathy  {Mitth.  Zool.  Stat.  Neapel,  xii, 

1897,  pp.  729,  730).  ,     .  ^.     •      .     ■  ■  va 

It  has  been  objected  to  this  process  that  lodme  m  potassic  iodide  pre- 
cipitates corrosive  sublimate  instead  of  dissolving  it.  That  is  true,  but 
the  precipitate  is  soluble  in  excess  of  the  precipitant. 

The  iodide  of  potassium  process  should  he  employed  with  care,  for  the 
iodide  may  pai-tly  redissolve  the  precipitated  compounds  formed  by  the 
subHmate  with  the  albuminoids,  etc.,  of  the  tissues,  and  it  may  be  well 
not  to  begin  adding  the  iodine  till  the  objects  have  been  brought  into 
fairly  strong  alcohol,  70  or  80  per  cent. 

It  is  important  that  the  sublimate  be  thoroughly  removed 
from  the  tissues,  otherwise  they  become  brUlle,  and  will  not 
stain  so  well.  They  will  also  become  brittle  if  they  are  kept 
long  in  alcohol. 
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It  may  happen  that  if  the  extraction  of  the  excess  of  sub- 
limate from  the  tissues  in  bulk  has  been  insufficient^  crystals 
may  form  in  the  sections  after  they  have  been  mounted  in 
balsam.  This  may  easily  be  prevented  by  treating  the 
sections  themselves  with  tincture  of  iodine  for  a  quarter  of 
an  hour  before  mounting.  Some  workers  hold  that  this  does 
away  with  the  necessity  of  treating  the  tissues  in  bulk  with 
iodine,  which  is  frequently  a  very  long  process.  Thus,  Mann 
[Zeit.  iviss.  Mih.jxi,  1894,  p.  479)  prefers  treating  the  sections 
rather  than  the  tissues  in  bulk,  on  the  ground  that  the 
iodine  makes  them  soft,  so  that  they  shrink  on  coming  into 
paraffin.  Scjiapee  [Anat.  Anz.,  xiii,  1897,  p.  463),  however, 
has  shown  that  neglect  to  extract  the  sublimate  from  the 
tissues  in  bulk  may  give  birth  to  serious  artefacts,  which 
appear  to  arise  during  the  imbedding  process.  So  also 
LoYEZ  {Arch.  Anat.  Micr.,  viii,  1905,  p.  71).  Heidenhain 
[Zeit.  wiss.  Mih.,  xxv,  1909,  p.  398)  removes  the  iodine  from 
sections  by  means  of  sodium  thiosulphate. 

You  may  stain  in  any  way  you  like.  Carmine  stains  are 
peculiarly  brilliant  after  sublimate. 

The  solutions  must  not  be  touched  with  iron  or  steel,  as 
these  produce  precipitates  that  may  hurt  the  pi-eparations. 
To  manipulate  the  objects,  wood,  glass  or  platinum  may  be 
used ;  for  dissecting  them,  hedgehog  spines,  or  quill  pens,  or 
cactus  spines.  ■• 

When  properly  employed,  sublimate  is  for  general  worh 
undoubtedly  a  most  useful  fixing  agent.  It  is  api3licable  to 
most  classes  of  objects.  It  is  perhaps  less  applicable,  in  the 
pure  form,  to  Arthropods,  as  it  possesses  no  great  power  of 
penetrating  chitin.  For  cytological  worh  it  is,  according  to 
my  experience,  not  to  be  trusted,  and  only  to  be  recom- 
mended where  more  precise  fixing  agents  are  counter-indi- 
cated by  reason  of  their  lack  of  penetration,  or  the  like. 
Amongst  other  defects  it  has  that  of  frequently  causing  verij 
serious  shrinlmge  of  cells. 

64.  Sublimate  with  Salt.— A  solution  containing  5  g.  sublimate, 
0-5  g.  sodium  chloride,  and  100  c.c.  water  has  been  qnoted  as  "  solution 
of  Gaulb." 

A  one-half  per  cent,  aqueous  solution  of  sodium  chloride  saturated 
whilst  hot  with  sublimate  was  much  recommended  by  Hbipbnhain 
{Festschrift  f.  KoelUlcer,  1892,  p.  109), 


48  OHAPTBli  V. 

The  addition  of  sodium  chloride  allows  a  stronger  solntion  to  be 
obtained  than  can  be  made  with  pure  water,  and  also,  it  is  stated, 
enhances  the  penetration  of  the  sublimate.  But  the  fixation-precipitates 
(S  29)  formed  by  the  double  salt  are  (according  to  Spuleu,  Encyd.  viik. 
Technih.,  p.  1274)  for  the  most  pai-t  soluble  in  water,  thus  giving  rise  to 
imperfect  preservation. 

Concentrated  (i.  e.  over  20  per  cent.)  solution  in  sea-water  is  recom- 
mended for  some  marine  animals.  ,      .  i 
Stoelznbb  {Zeit.  tviss.  Miter.,  xxiii,  1906,  p.  25)  recommends  saturated 
solution  of  sublimate  in  sugar  solution  of  4i  per  cent.,  as  isotomc  (tor 
warm-blooded  animals). 

Liquid  of  Lang  {Zool.  Anzeiger,  1878,  i,  p.  14).-ror  Planaria.- 
DistiUed  water   ....  100. 
Chloride  of  sodium    .       .       •       6  to  10. 
Acetic  acid        .       .       •       •       6  to  8. 
Bichloride  of  mercury       .       •       3  to  12. 
(Alum,  in  some  cases        .       •  5-) 

65  Alcoholic  Solutions.— Apathy  {Mikrotechnik,  p.  Ill) 
recommends  a  solution  of  3  to  4  grammes  of  sublimate 
and  0-5  gramme  sodium  chloride  in  100  c.c.  of  oO  per 
cent,  alcohol,  for  general  purposes. 

Ohlmachee  {Journ.  Exper.  Medicine,  ii,  6, 1897,  p.  671)  takes- 
Absolute  alcohol  80  parts. 

Chloroform  ■' 

Glacial  acetic  acid  ^  " 

Sublimate  to  saturation  (about  20  per  cent.). 
"  Ordinary  pieces"  of  tissue  are  sufficiently  fixed  in  fifteen  to  thirty 
minutes.    Entire  human  cerebral  hemispheres,  subdivided  by  Meynert  s 
section,  take  eighteen  to  twenty-foul- hours.  _       ^      ^.  •-, 

For  liquids  containing  a  much  higher  proportion  of  acetic  acid,  see 
Acetic  Alcohol. 

66.  Aceton  Solution.— Held  {Arch.  Anat.  Phys.,  Anat.  Abth., 
1897,  p.  227),  fixes  nerve-tissue  in  a  1  per  cent,  solution  of 
sublimate  in  40  per  cent,  aceton,  and  washes  out  through 
increasingly  concentrated  grades  of  aceton. 

67  Phenol  Solution.— Pappenheim  (Arch.  Fath.  Anat.,  civil,  1899 
p.  23)  shakes  up  carbolic  acid  with  aqueous  sublimate  solution  and 
filters. 

68.  Oiaccio  (Arch.  Ital.  Anat.  Embr.,  vi,  1907,  p.  486)  has  an  in-ational 
mixture  of  sublimate,  iodine,  and  formol. 

69.  Mercuro-nitric  Mixtures.— Fkenzel  {Arch.  mile.  Anat., 
xxvi,  1885,  p.  232)  recommends  a  half-saturated  solution  of 


FIXING  AND  HARDENING  AGKNTS. 


-1.9 


sublimate  in  80  per  cent,  alcohol,  to  wliioli  is  added  nitric 
acid  in  the  proportion  of  1  drop  to  1  cc.  or  2  c.c.  Objects 
of  the  size  of  a  pea  to  be  fixed  in  it  for  five  or  ten  minutes, 
then  hardened  in  the  same  sublimate  alcohol  without  the 
acid,  and  fina,lly  in  90  per  cent,  alcohol.     It  is  said  that  the 
nitric  acid  renders  after-treatment  with  iodine  unnecessary. 
Gilson's  Mixture  (Gilson,  in  lilt.  1895). 
Nitric  acid  of  46°  strength  (this 
would  be  sp.  gr.  1-45 6,  or  80  per 
cent.,  nearly)    .         .         .        .15  c.c. 
Glacial  acetic  acid        .        .        .      4  „ 
Corrosive  sublimate      .        .        .20  grm. 
60  per  cent,  alcohol      .        .        .   100  c.c. 
Distilled  water    .        .        .        .   880  „ 
When  required  for  marine  animals  add  a  few  crystals  of 
iodine,  which  will  prevent  the  formation  of  precipitates  of 
sea  salts.    If  in  any  case  the  preparations  should  show 
a  granular  precipitate,  this  may  be  removed  by  washing  with 
water  containing  a  little  tincture  of  iodine. 

I  find  that  it  affords  in  general  a  faithful  and  delicate 
fixation,  and  gives  to  tissues  an  excellent  consistency. 
Objects  may  remain  in  it  for  a  considerable  time  without 
hurt.  It  has  a  high  degree  of  penetration.  A  treatment 
for  a  few  days  with  it  will  serve  to  remove  the  albumen 
from  the  ovaf  of  Batrachians.  This  liquid  may  he  recom- 
mended to  beginners^  as  it  is  very  easy  to  work  Avith.  For 
some  objects,  as  I  found,  the  proportion  of  sublimate  may 
be  increased  with  advantage. 

KosTANECKi  and  Siedlecki  (^Arch.  mik.  Anat.,  xlviii,  1896, 
p.  181)  take  a  mixtm-e  of  saturated  sublimate  solution  and 
3  per  cent,  nitric  acid  in  equal  parts,  or  a  mixture  of  equal 
parts  of  sublimate  solution,  3  per  cent,  nitric  acid,  and 
absolute  alcohol,  fix  for  twenty-four  hours,  and  wash  out  in 
iodine-alcohol. 

Petkunkewitsch  [Zool.  Jahrb.  Ahih.  Morph.,  xiv,  1901,  p. 
576)  takes  water  300,  absolute  alcohol  200,  glacial  acetic 
acid  90,  nitric  acid  10,  and  sublimate  to  saturation.  Both 
this  and  Gilson's  have  been  much  used  lately. 

70.  Picro-sublimate  Mixtures. — Eabl's  (^Zeit  iviss.  Mik.,  xi, 
]894,  p.  165).     Sublimate,  saturated  solution  in  water,  1 
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Vol.  ;  a  similar  solutiun  ol:  picric  acid,  1  vol.  ;  distilled 
water  2  vols.  Embryos  may  be  left  in  it  for  twelve  hours 
washed  for  two  hours  in  water,  and  brought  into  weak 
alcohol. 

Mann's  {op.  cit.,  xi,  1895,  p.  480).— 1  per  cent,  of  picric  acid  with  or 
witiiout  1  per  cent,  of  tannin  in  a  saturated  solution  of  suljlimate  in 
normal  salt  solution. 

The  same  ai^thor's  Alcoholic  Picro-sublimate  (Anat.  Anz.,Y]n,l8'J3, 
pp.  441— 113)  consists  of  absolute  alcohol  100  c.c,  picric  acid  1  grms., 
sublimate  15  gruis.,  tannin  6  to  8  grms.  The  tannin  is  added  in  order 
to  prevent  excessive  hardening. 

Pacaut  (Arch.  Anat.  Micr.,' viii,  1906,  p.  4/38),  takes  200  parts  of 
saturated  solution  of  sublimate  and  picric  acid,  6  of  3  per  cent,  platinum 
chloride,  and  5  of  16^  per  cent,  solution  of  chromic  acid. 

0.  vom  Rath  {Anat.  Anz.,  xi,  1895,  p.  268)  takes  cold 
saturated  solution  of  picric  acid,  1  part;  hot  saturated 
solution  of  sublimate,  1  part ;  glacial  acetic  acid,  ^  to  1  per 
cent.  Also  the  same  with  the  addition  of  10  per  cent,  of  2 
per  cent,  osmic  acid  solution. 

Fish  (Trans.  Amer.  Micr.  Soc,  xvii,  1896,  p.  143)  takes  1  litre  of 
water,  1  g.  picric  acid,  5  g.  sublimate,  and  10  g.  acetic  acid. 

Lenhossek  (Intern.  Monatschr.  Anat.  Phys.,  xxiv,  1907,  p.  298)  takes 
satvirated  siiblimate  75  c.c,  acetic  acid  5,  50  per  cent,  alcohol  25,  and 
picric  acid  to  saturation. 

71.  Osmio-sublimate  Mixtures. — Mann's  [Zeit.  wins.  Mile,  xi, 
1894,  p.  481)  consists  of  a  freshly  prepared  mixture  of  equal 
parts  of  1  per  cent,  osmic  acid  solution  and  saturated 
solution  of  sublimate  in  normal  salt  solution  (for  nerve- 
centres). 

DftiiNER's  [Jena.  Zeit.  Naturw.,  xxviii,  1894,  p.  294)  con- 
sists of  1  part  of  1  per  cent,  osmic  acid  solution  added  to  20 
parts  of  a  solution  of  5  per  cent,  each  of  sublimate  and 
fflacial  acetic  acid  in  water. 

0.  vom  Rath's,  see  last  §. 

72.  Cliromo-sublimate. —  Lo  Bianco  [Mitth.  Zool.  Slat. 
Neapel,  ix,  3,  1890,  p.  443).  Concentrated  sublimate  solu- 
tion, 100  parts,  1  per  cent,  chromic  acid,  50  parts. 

Mann  (Verli.  Anat.  Ges.,  12,  1898,  p.  39)  takes  for  nerve-cells  equal 
parts  of  5  per  cent,  sublimate  and  5  per  cent,  chromic  acid. 

73.  Sublimate  and  Bichromate. — Zenkek's  Mixture  {Munchener 
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med.  Wochennchr.,  24,  189-i,  p.  584  ;  quoted  from  Misrcier, 
Zeit.  wiss.  Mile,  xi,  4,  1894,  p.  471).  Five  per  cent,  of 
sublimate  aud  5  pei-  cent,  of  glacial  acetic  acid  dissolved  ia 
solution  of  MijLLEE.  Fix  for  several  hours,  wash  out  with 
water,  treat  the  tissues  in  bulk,  or  the  sections  with  alcohol 
containing  tincture  of  iodine. 

See  also  Retteker,  Jourii.  Anal.  Phi/s.,  xxxiii,  1897,  p. 
463,  and  xxxvii,  190 J,  p.  480. 

If  the  objects  be  allowed  to  remain  too  long  in  the  fluid 
there  may  be  formed  precipitates,  which  it  is  very  difficult  to 
remove.  Spdleb  {Encycl.  mih.  Technik.,  1st  edition,  p.  1280) 
says  that  they  may  be  avoided  by  removing  the  objects  as 
soon  as  penetrated,  and  completing  the  hardening  in  liquid 

of  MijLLER. 

Dahlgren's  modification,  consisting  of  equal  parts  of 
Miiller's  solution  and  saturated  sublimate  solution  with  5  per 
cent,  of  glacial  acetic  acid,  gives  fewer  precipitates  (Spuler, 
I.  c). 

Helly  (^Zeit.  iviss.  Mih.,  xx,  1904,  p.  413)  omits  the  acetic 
acid,  and  adds,  immediately  before  use,  5  per  cent,  of  formol. 

Maximow  [ih.,  xxvi,  1909,  p.  179)  adds  10  per  cent,  of 
formol  and  sometimes  10  per  cent,  of  osmic  acid  of  2  per  cent, 
(fix  in  the  dark). 

FoA  {Quart.  Jouvn.  Mic.  ScL,  1895,  p.  287)  takes  equal  parts  of 
saturated  solutfon  of  siiblimate  in  noimal  salt  solution,  and  of  liquid  of 
Miiller,  or  5  per  cent,  solution  of  bicliromate. 

Bensley  {Proc.  Canadian  Inst.,  v,  1897,  p.  77;  Zeit.  wiss.  Mile,  xvii, 
1900,  p.  233)  takes  equal  parts  of  saturated  solution  of  sublimate  in  96 
pel"  cent,  alcohol  and  2  per  cent,  solution  of  bichromate  in  water. 
Wash  out  in  50  per  cent,  alcohol. 

HoYER  [Arch.  Mih:  Anat.,  liv,  1899,  p.  97)  takes  1  part  5  per  cent, 
sublimate  and  2  of  3  per  cent,  bichromate. 

KoHN  (ib.,  Ixx.,  1907,  p.  273)  takes  5  parts  5  per  cent,  sublimate,  15 
parts  83  per  cent,  bichromate,  and  1  part  acetic  acid. 

Aenold  {Arch.  Zellforsch.,  iii,  1909,  p.  433)  takes  2"5  parts  bichromate, 
1  of  cupric  sulphate,  10  of  acetic  acid,  and  100  of  satui'ated  solution  of 
sublimate. 

74.  Sublamin  (Ethylendiamin  Sulphate  of  Mercury)  is  recom- 
mended in  5  per  cent,  solution  by  Klingmullbb  and  Vbiel,  Zeit.  loiss. 
Mih:,  xxi,  1904,  p.  58. 

75.  Platinum  Chloride. — The  substance  used  and  intended  by 
the  authors  who  have  recommended  this  reagent  is  not  the 
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true  platinic  cliloride,  or  tetrachloride,  PtC],p  but  the  com- 
pouud  HgPtClg,  that  is,  platinochloric,  or  hydro-chloro- 
platinic  acid,  by  custom  called  platinum  chloride.  It  occurs 
as  brown-red  crystals,  easily  soluble  in  water  and  very 
deliquescent.  For  this  reason  it  had  better  be  stocked  in 
the  form  of  a  10  per  cent,  solution,  kept  in  the  dark  (weak 
solutions— 0-5  per  cent.— may  be  kept  in  the  light). 

It  appears  that  some  authors  have  stated  that  they  were 
using  platinous  chloride,  PtClg,  but  that  is  not  possible,  as 
this  salt  is  not  soluble  in  water. 

Rabl  {Morph.  Jahrb.,  x,  1884,  p.  216)  employed  an 
aqueous  solution  of  1-300.  The  objects  remained  in  it  for 
24  hours,  and  were  then  washed  out  with  water.  Well- 
washed  preparations  give  good  chromatin  stains  with  the 
"  basic  "  tar  colours ;  but  I  find,  as  do  others,  that  plasma- 
staining  with  the  "  acid "  colours  is  rendered  extremely 
difiicult.    It  causes  a  certain  shrinkage  of  chromatin. 

It  is  now  almost  always  employed  in  the  form  of  mixtures. 
For  these  see  §§  44,  45,  49,  76,  as  well  as  the  mixtures  given 
under  Picric  acid  and  Foemol. 

76.  Eabl  {Zeit.  luiss.  Mikr.,  xi,  1894,  p.  165)  takes  for 
embryos  of  vertebrates,  and  also  for  other  objects,  1  vol.  of 

1  per  cent,  platinum  chloride,  1  of  saturated  sublimate,  and 

2  of  water. 

Lenhossek  {Arch.  Milcr.  Anat.,  li,  1898,  p.  220)  takes  20 
parts  of  1  per  cent,  platinum  chloride,  20  of  5  per  cent, 
sublimate,  and  1  of  acetic  acid. 

77.  Palladium  Chloride  (Schulze,  Arch.  mile.  Anal.,  iii,  1867,  p. 
477) —Used  by  Scliulze  as  a  hardening  agent  in  a  1  :  800  solution, 
acidified  with  hydrochloric  acid. 

Cattaneo  has  used  it  in  solutions  of  1-300, 1-600,  or  TBOO  strength, 
for  from  one  to  two  minutes,  for  Infusoria. 

Frenkel  {Anat.  Anz.,  viii,  1893,  p.  538)  recommends  for  connective 
tissue  a  mixture  of  15  pa-rts  1  per  cent,  palladium  chloride,  5  parts  2  per 
cent,  osmic  acid,  and  a  few  drops  of  acetic  acid. 

78.  Iridium  Chloride  (Eisen,  Zeit.  wiss.  Mile,  xiv,  1897,  p.  195). — 
Solution  of  one  half  or  one  fifth  per  cent.,  acidified  with  1  per  cent,  of 
glacial  acetic  acid. 

With  the  ovotestis  of  the  snail,  I  have  obtained  about  the  worst  fixa- 
tion I  have  ever  seen,  but  with  the  testis  of  Triton  much  better  i-esidts. 

79.  Osmium  Chloride  (Eisen, /ozmi.o/Jlfo)-fi/i.,xvii,1900).— Solution 
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of  A  to  y'u  per  cent.  From  specimens  I  have  seen  I  should  say  it  is 
useless. 

80.  Perchloride  of  Iron  (FOL,  Zeit.  wiss.  Zool.,  xxxviii,  1883,  p.  491, 
and  Lehrb.  d.  vergl.  mile.  Anat.,  p.  102).— Fol  recommends  1  vol.  of 
Tinct.  Ferri  Perchlor.  B.P.  diluted  with  5  to  10  vols,  of  70  per  cent, 
alcohol. 

The  tincture  diluted  with  3  to  4  vols,  of  either  alcohol  or  water  has 
been  recommended  for  fixing  medullated  nerve  by  Platnee  {Zeit.  wiss. 
Mik.,  vi,  1889,  p.  187). 

81.  Iron  Alum. — Strong  {Journ.  comp.  Neur.,  xiii,  1903,  p.  296)  fixes 
(and  decalcifies)  heads  of  young  Acanthias  in  9  parts  of  5  per  cent, 
solution  of  iron  alum  with  1  of  formol,  for  about  two  weeks. 

82.  Chloride  of  Zine  is  sometimes  iised  for  hardening  brain  (see 
Pai-b  II).  GriLSON  (La  Cellule,  vi,  1890,  p.  122)  has  used  it  as  a  fixative 
for  the  silk  glands  of  Lepidoptera,  as  follows  : 

Glacial  acetic  acid  5  c.c. 

Nitric  acid  of  46°  (or  80  per  cent,  nearly)    .       5  „ 

Alcohol  of  80  per  cent   100  „ 

DistiUed  water   300  „ 

Dry  chloride  of  zinc   20  grms. 

83.  Iodine.— Kent  {Manual  of  the  Infusoria,  1881,  p.  114)  uses  it  for 
fixing  Infusoria.  Prepare  a  saturated  solution  of  potassic  iodide  in 
distilled  water,  saturate  this  solution  with  iodine,  filter,  and  dilute  to  a 
brown-sherry  coloiir.  A  very  small  portion  only  of  the  fluid  is  to  be 
added  to  that  containing  the  Infusoria. 

Or  you  may  use  Ltjgol's  solution  : 

Water  100  parts. 

Iodide  of  potassium  .  .  .  6  ,, 
Iodine  4  ,, 

Or  for  small  marine  animals,  a  solution  of  iodine  in  sea- water. 

Personally  I  have  found  it  very  usefialfor  the  examination  of  sperma- 
tozoa. 

Yery  small  objects  may  be  instantaneously  fixed  by  means  of  vapour 
of  Iodine.  Crystals  of  iodine  may  be  heated  in  a  test-tube  tiU  the 
vapom-s  are  given  ofi: ;  then  on  inclining  the  tube  the  heavy  vapoxn-s 
may  be  made  to  flow  over  the  objects  an-anged  on  a  slide.  The  slide 
should  then  be  warmed  to  aboirt  40°  0.  for  one  to  three  minutes  in 
order  to  evaporate  the  iodine  from  the  objects,  which  may  then  be 
mounted  or  otherwise  treated  as  desired  (Ovekton,  Zeit.  wiss.  Mile,  vii, 
1890,  p.  14). 

Organic  Acida,  and  other  Agents. 

84.  Acetic  Acid.— Flemming,  who  lias  made  a  special 
investigation  of  its  action  on  nuclei,  finds  {Zellsubstanz,  etc., 
p.  380)  that  the  best  strength  is  from  0-2  to  1  per  cent. 
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Strengths  of  5  per  cent,  and  more  bring  out  the  nuclein 
structures  clearly  at  first,  but  after  a  time  cause  them  to 
swell  and  become  pale,  which  is  not  the  case  with  the  weaker 
strengths  {ihid.,  p.  103).  The  strong  acid  is,  however,  a 
valuable  fixative  of  certain  objects,  which  it  kills  with  the 
utmost  rapidity,  and  leaves  fixed  in  a  state  of  extension. 
The  modus  operandi  of  Van  Beneden  is  as  follows :— Pour 
glacial  acetic  acid  in  liberal  quantity  over  the  organisms, 
leave  them  until  they  are  penetrated  by  it— which  should 
be  in  five  or  six  minutes,  as  the  strong  acid  is  a  highly 
penetrating  reagent— and  wash  out  in  frequent  changes  of 
alcohol  of  gradually  iucreasing  strength.  Some  persons  begin 
with  30  percent,  alcohol,  but  this  appears  to  me  rather 
weak,  and  I  think  70  per  cent,  or  at  least  50  per  cent,  should 
be  preferred. 

Other  energetic  reagents  may  be  combined  with  the 
glacial  acetic  acid  if  desired.  Dr.  Lindsay  Johnson  {in.  litt.) 
has  found  that  one  of  the  best  fixatives  for  retina  is  a 
mixture  of  equal  parts  glacial  acetic  acid  and  2  per  cent, 
osmic  acid.  S.  Lo  Bianco  adds  to  the  "concentrated''* 
acid  one  tenth  of  a  1  per  cent,  solution  of  chromic  acid. 
He  finds  that  even  this  small  proportion  of  chromic  acid 
serves  to  counteract  in  a  marked  degree  the  softening  action 
of  the  acetic  acid. 

Acetic  acid,  used  alone,  is  only  a  fixative  for  a  limited 
time.  If  its  action  be  prolonged,  it  becomes  a  swelling 
agent.  Its  function  in  mixtures  is,  besides  that  of  hilling, 
the  valuable  one  of  counteracting  the  shrinking  action  of 
the  ingredients  with  whicb  it  is  combined,  and  by  its  swelling 
action  enhancing  the  j  enetration  of  the  mixture ;  whilst  by 
clarifying  tissues  it  adds  in  the  optical  differentiation  of  their 
elements. 

The  proportions  in  which  it  should  enter  into  mixtures  m 
general  seem  to  me  to  be  from  0-5  per  cent,  to  5  per  cent,  of 
the  glacial  acid  ;  higher  strengths,  such  as  25  per  cent,  to 
100  per  cent.,  being  only  indicated  in  cases  in  which  the 
highest  possible  penetration  is  the  chief  consideration. 

Throughout  this  work,  wherever  acetic  acid  is  mentioned, 
*  The  acid  referred  to  as  "  concentrated  "  by  Lo  Bianco  in  Lis 
Mdocli  (MUth.  Zoi  I.  Siat.  Neapel,  xi,  3,  p.  435)  is  an  acid  of  approximately 
49  per  cent.  (sp.  gr.  1  060). 
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it  is  the  glacial  acid  that  is  meant  unless  the  contrary  is 
stated. 

All  liquids  containing  a  large  proportion  of  this  acid  (e.  (j. 
^  85,  86)  should  only  be  allowed  to  act  for  a  very  short 
t  ime. 

85.  Acetic  Alcohol  (Caenoy,  La  Cellule,  iii,  1886,  p.  6 ;  and 
ibid.,  1887,  p.  276  ;  v.  Beneden  et  Neyt,  Bidl.  Ac.  Sci.  Belg., 
xiv,  1887j  p.  218 ;   Zachakus,  Anat.  Anz.,  iii,  1888,  pp. 
24^-27;  V.  Gehdchten,  ibid.,  8,  p.  227).— Carnoy  has  given 
two  formulge  for  this  important  reagent.     The  first  is— 
Glacial  acetic  acid      .        .        -1  part. 
Absolute  alcohol        .        .        .3  parts. 
The  second  is — 

Glacial  acetic  acid      .        .        .1  pfirt. 
Absolute  alcohol         .        .        .6  parts. 
Chloroform         .         .         •         •     ^  » 
The  addition  of  chloroform  is  said  to  render  the  action  of 
the  mixture  more  rapid. 

Y.  Beneden  and  Neyt  take  equal  volumes  of  glacial  acid 

and  absolute  alcohol. 
Zacharias  takes — 

Glacial  acetic  acid      .        .        .1  part. 

Absolute  alcohol         .        .        .4.  parts. 

Osmi'c  acid  .  •  •  -  a  few  drops. 
Acetic  alcohol  is  one  of  the  most  penetrating  and  quickly 
acting  fixatives  known.  It  preserves  both  nuclei  and  cyto- 
plasm, and  admits  of  staining  in  any  Avay  that  may  be 
preferred.  It  was  employed  by  all  of  the  authors  quoted 
for  the  ova  of  Ascaris — proverbially  one  of  the  most  difficult 
objects  to  fix, — but  I  have  found  that  it  is  applicable  to 
many  other  objects.  Wash  out  with  alcohol,  and  avoid 
aqueous  liquids  as  far  as  possible  in  the  after-treatment. 

86.  Acetic  Alcohol  with  Suhlimate,— Carnoy  and  Lebrun  {La 
Celhde,  xiii,  1,  1887,  p.  68,  due  to  Gilson). 

Absolute  alcohol   .        .        .        -1  vol. 
Glacial  acetic  acid         .         .         .     1  ,, 
Chloroform  .         .         .         .         •     ^  >, 
Sublimate  to  saturation. 
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(The  mixture  does  not  keep  long,  forming  ethyl  acetate, 
which  precipitates.) 

Isolated  ova  of  Ascaris,  even  though  furnished  with  a 
shell,  are  fixed  in  twenty-five  to  thirty  seconds.  Entire 
oviducts  take  about  ten  minutes.  The  liquid  is  therefore 
one  of  the  most  penetrating  and  rapidly  acting  of  any,  if  not 
the  most. 

Wash  out  with  alcohol  until  all  traces  of  odour  of  the 
acetic  acid  have  disappeared  (I  myself  wash  out  with  alcohol 
containing  tincture  of  iodine).  I  consider  this  a  very  fine 
reagent. 

For  Ohlmacher's  mixture  see  §  65. 

MiNGAZziNi's  Mixture  (liicerche  Lah.  Anat.  Boma,  iii,  1893,  p.  47). — 
Two  vols,  satui'ated  aqueous  sohition  of  sublimate,  one  of  absolute 
alcohol,  and  one  of  glacial  acetic  acid. 

87.  Trichlor-acetie  Acid  (Holmgren,  Anat.  Hefte,  xviii,  1901,  H. 
2).— 5  per  cent,  solution  in  water.  Fix  (nerve-cells)  for  8  to  24  hours, 
wash  out  with  alcohol.  See  also  Heidenhain,  Zeit.  iviss.  Mikr.,  xxii, 
1905,  p.  321,  and  xxv,  1909,  j).  405,  who  makes  a  mixture  of  6  per  cent, 
sublimate  solution  with  2  per  cent,  of  trichlor-acetic  and  1  per  cent,  of 
acetic  acid,  which  he  calls  "  Subtriessig." 

88.  Trichlor-lactic  Acid  (Holmgren,  Anat.  Anz.,  xx,  1902,  p.  435). — 
As  the  last.    Gives  i-ise  to  serious  swelling. 

89.  Salicylic  Acid  (Heidenhain,  Arch.  mile.  Anat.,  Hv,  1899,  p. 
186). — Saturated  solution  in  one-third  alcohol.  A  trial  has  given  me 
simply  atrocioiis  results. 

90.  Chloride  and  Acetate  of  Copper  [Ripart  et  Petit's  Liquid, 
Carnoy,  La  Biologie  Gellulaire,  p.  94). — 

Camphor  water  (not  saturated)        .  75  grms. 
Distilled  water     .        .        .        .  75  „ 
Crystallised  acetic  acid  .        .        .1  grm. 
Acetate  of  copper         .        .        .    0-30  „ 
Chloride  of  copper        .        .        .    0"30  „ 
This  is  a  very  moderate  and  delicate  fixative,  extremely 
useful  for  objects  that  are  to  be  studied  in  as  fresh  a  state  as 
possible  in  aqueous  media.     Objects  fixed  in  it  stain  instan- 
taneously and  perfectly  with  methyl  green.     Osmic  acid 
may  be  added  to  the  liquid  to  increase  the  fixing  action. 
For  cytological  researches  a  A^aluable  medium. 
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91.  Nitrate  of  Copper  (Gilson,  ivom  Gelderd,  La  Cellule,  xxv, 
1909,  p.  12).— Nitrate  of  copper  200,  foriuol  500,  sea-w;iter  200.  Seven 
parts  of  this  solution  to  be  dilated  with  100  of  sea- water.    For  Crustacea. 

92.  Acetate  of  Uranium  (Schenk,  Mitth.  Emhryol.  Inst.  Wien, 
1882,  p.  95 ;  cf.  Gilson,  La  Cellule,  i,  1885,  p.  141)  has  a  mild  fixing 
action,  and  a  high  degree  of  penetration,  and  may  be  combined  with 
methyl  green. 

Feiedenthal  {Sitzh.  Ges.  Nat.  Freunde  Berlin,  1907,  p.  209)  recom- 
mends equal  parts  of  satui-ated  solution  of  the  acetate  and  trichlor- 
acetic acid  of  50  per  cent. 

93.  Picric  Acid. — Picric  acid  in  aqueous  solution  should 
be  employed  in  the  form  of  a  strong  solution  whenever  it 
is  desired  to  make  sections  or  other  preparations  of  tissues 
with  the  elements  in  situ,  as  weak  solutions  macerate ;  but 
for  dissociation  preparations  or  the  fixation  of  isolated  cells, 
weak  solutions  may  be  taken.  Flemming  finds  that  the 
fixation  of  nuclear  figures  is  equally  good  with  strong  or 
weak  solutions.  The  saturated  solution  is  the  one  most 
employed.  (One  part  of  picric  acid  dissolves  in  about  86 
parts  of  water  at  15°  0. ;  in  hot  water  it  is  very  much  more 
soluble.)  Objects  should  remain  in  it  for  from  a  few  seconds 
to  twenty-four  hours,  according  to  their  size.  For  Infusoria 
one  to  at  most  two  minutes  will  suffice,  whilst  objects  of  a 
thickness  of  several  millimetres  require  several  hours. 

Picric  acid^should  aliuaijs  he  ivashed  out  icith  alcohol,  that 
of  70  per  cent,  being  mostly  indicated.  Staining  should  be 
performed  b.y  means  of  alcoholic  solutions,  or  if  with  aqueous, 
then  with  such  as  are  themselves  weak  hardening  agents, 
such  as  hasmalum,  carmalum,  methyl  green. 

Washing  out  is  facilitated  by  heat,  the  extraction  being 
about  twice  as  rapid  at  40°  C.  as  at  the  normal  temperature 

(FOL). 

It  has  been  found  by  Jelinek  {Zeit.  wiss.  Mik.,  xi,  1894, 
p.  242)  that  the  extraction  is  greatly  quickened  by  the 
addition  of  a  base  to  the  wash-alcohol.  He  recommends 
carbonate  of  lithia.  A  few  drops  of  a  saturated  solution  of 
the  salt  in  water  are  added  to  the  alcohol ;  a  precipitate  is 
formed.  The  objects  are  put  into  the  turbid  alcohol,  which 
becomes  clear  and  yellow  in  proportion  as  the  picrin  is 
extracted.  Further  quautities  of  carbonate  are  added  from 
time  to  time  until  the  colour  has  been  entirely  extracted. 
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Tissues  fixed  in  picric  acid  can  be  perfectly  stained  in 
any  stain.  It  is  seldom  necessary  to  remove  the  picric  acid 
by  washing  out  before  staining.  Paracarmine,  Borax- 
carmine,  or  Hasmacalcium  may  be  recommended  for  entire 
objects. 

The  most  important  property  of  picric  acid  is  its  great 
penetration.  This  renders  it  peculiarly  suitable  for  the 
pi-eparation  of  chitinous  structures. 

94  Picric  Alcohol  (Gage,  Proc.  Amer.  Soc.  Micr.,  1890,  p.  120).— 
Alcohol  (95  per  cent.),  250  parts  ;  water,  250  pai-ts ;  picric  acid,  1  pai-t. 

95  Picro-acetie  Acid.— Botbei  {Zellenstudien,!,  1887,  p.  11)  dilutes 
a  concentrated  aqueous  solution  of  picric  acid  with  two  volumes  of  water 
and  adds  1  per  cent,  of  acetic  acid.    According  to  mj  experience,  the 

results  are  miserable.  .  ,  ,    „  „  i,^  7 

ZiMMEB's  mixtm-e  (from  Deegeneb,  Zool.  Jahrh.  Ahth.  Morph.,  xxvn, 
1909,  p.  634).— Saturated  aqueous  solution  of  picric  acid,  10  parts ;  abso- 
kite  alcohol,  9 ;  acetic  acid,  1. 

96  Piero-sulphurie  Acid  (Kleinenbeeg,  Quart.  Jour n.  Mic.  ScL, 
April  1879  p  208 ;  Mayeb,  Miit.  Zool.  Slat.  Neapel,  u,  1880,  p.  2).— 
Mayeb  takes  distilled  water,  100  vols. ;  sulphuric  acid,  2  vols.;  piciic 
acid,  as  much  as  will  dissolve.  ,    ,  i  • 

Liquid  of  Kleinenbeeg  is  made  by  diluting  the  concentrated  picro- 
sulphuric  acid  prepared  as  above  with  thi-ee  times  its  volume  of  water. 

I  hold  that  the  concentrated  solution  is  generally  preferable.  Hits 
particularly  applies  to  marine  organisms. 

Wash  out  witb  successive  alcohols,  beginning  with  70  per  cent.,  never 

""'^^clm  alcohol  extracts  the  acid  much  more  quickly  than  cold,  without 
which  weelcs  maybe  required  to  fully  remove  the  acid  from  chitmous 

This  hquid  may  stUl  be  useful  for  Arthropoda,  on  accoimt  of  its  great 
power  of  penetrating  chitin;  and  for  some  embryological  purposes. 
Tor  a  fuller  account  see  early  editions. 

97.  Picro  nitric  acid  (Mayeb,  Mitth.  Zool.   Stat.  Neapel,  1881 

Water  vols. 

Nitric  acid  (of  25  per  cent.  NjO^)       •       •       &  " 
Picric  acid,  as  much  as  will  dissolve.  .  ■■  -.i 

Propei-ties  of  this  fluid  similar  to  tliose  of  picro-sulphm-ic  acid,  with 
the  advantage  of  avoiding  the  formation  of  gypsum  crystals,  and  the 
di:^.ntagt  that  it  is  much  more  difficult  to  ^<^1^:^^ 
Mayer  states  that  with  eggs  contaimng  a  large  amount  of  yolk  mateu.-vl. 
Hke  those  of  Palinurus,  it  gives  better  results  than  mtnc,  picric,  or 
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picro-sulphuric  acid.  I  myself  consider  it  distinctly  superior  to  picro- 
sulphuric  for  most  things. 

98.  Picro-hydroehloric  Acid  (Mayer,  ibid.). — 

"Water  100  vols. 

Hydi-ocUoric  acid  (of  25  per  cent.  HOI)     .       8  „ 
Picric  acid,  as  much  as  will  dissolve. 

99.  Picro-chromic  Acid  (Fol,  Lehrb.,  p.  100). — 
Picric  acid,  sol.  sat.  in  water       .        .     10  vols. 
1  per  cent,  chromic  acid  solution  .        .     25  „ 
Water  65  „ 

I  iave  seen  Fol's  formula,  witli  the  addition  of  a  trace  of 
acetic  acid,  quoted  as  "  liquid  of  Haensel." 

Lo  Bianco  takes  equal  parts  of  picro-sulphuric  acid  and 
chromic  acid  of  1  per  cent. 

Eawitz  [Leitfaden,  1895,  p.  24)  takes  1  part  of  picro-nitric 
acid,  and  four  parts  1  per  cent,  chromic  acid.  Wash  out  in 
70  per  cent,  alcohol. 

100.  Piero-osmie  Acid. — Flemming  {Zells.  Kern  u.  Zellth.,  p.  381) 
Las  experimented  with  mixtm-es  made  by  substituting  picric  for  chi-omic 
acid  in  the  chi-omo-osniic  mixtures  (§  42),  and  finds  the  results  identical, 
so  far  as  regards  the  fixation  of  nuclei.  The  fixation  of  cytoplasm  is  in 
my  preparations  decidedly  inferior. 

0.  TOM  RATH[(^wa^.  Anz.,  xi,  1895,  p.  289)  adds  to  200  c.c.  of  saturated 
aqueous  solution  of  picric  acid,  12  c.c.  of  2  per  cent,  solution  of  osmic 
acid,  and  2  c.c.  of  glacial  acetic  acid. 

Rawitz  {Leiifaden,  p.  24)  takes  picro-nitric  acid,  6  vols. ;  2  per  cent, 
osmic  acid,  1  vol.  Fix  for  J  to  3  hours.  Transfer  direct  to  70  per  cent, 
alcohol. 

101.  Picro-platinie  and  Picro-platin-osmie  Mixtures.— 0.  TOM 
Rath  (loc.  cit.,  last  §,  pp.  282,  285)  makes  a  picro-platinic  mixture  with 
200  c.c.  satm-ated  aqueous  solution  of  picric  acid,  1  g.  of  platinic  chloride 
(dissolved  in  10  c.c.  of  water),  and  2  c.c.  of  glacial  acetic  acid. 

The  picro-platin-osmic  mixture,  which  is,  in  my  opinion,  much 
superior,  is  made  by  adding  to  the  foregoing  25  c.c.  of  2  j)er  cent,  osmic 
acid. 

Other  Picric  Mixtures.    See  §§  70  and  110  to  112. 


Other  Fixing  and  Hardening  Agents. 

102.  Alcohol. — For  Jixing  only  two  grades  of  alcohol  should 
be  employed — very  weak,  or  absolute.    Absolute  alcohol 
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ranks  as  a  fixing  agent  because  it  kills  and  hardens  with 
such  rapidity  that  structures  have  hardly  time  to  get 
deformed  in  the  process ;  very  weak,  because  it  possesses  a 
sufficiently  energetic  coagulating  action  and  yet  contains 
enough  water  to  have  but  a  feeble  dehydrating  action. 
The  intermediate  grades  do  not  realise  these  conditions,  and 
therefore  should  not  be  employed  alone  for  fixing.  ^  But 
they  may  be  very  useful  in  combination  with  other  fixing 
agents  by  enhancing  their  penetrating  power  ;  70  per  cent, 
is  a  good  grade  for  this  purpose. 

Tahlc  for  diluting  alcuhol  (after  Gay-Lttssac).— To  use  this  table,  find 
in  tlie  upper  horizontal  row  of  figures  the  percentage  of  the  alcohol  that 
it  is  desired  to  dilute,  and  in  the  vei-tical  row  to  the  left  the  percentage 
of  the  alcohol  it  is  desired  to  amve  at.  Then  follow  out  the  vertical 
and  horizontal  rows  headed  respectively  hj  these  figures,  and  the  figure 
printed  at  the  point  of  intersection  of  the  two  rows  will  show  how  many 
volumes  of  water  must  be  taken  to  reduce  one  hundred  volumes  of  the 
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required. 

Omqinal  Gkade. 

90  1 

p.  100. 

85 

p.  100. 

80 

p.  100. 

75 

p.  100. 

70 

p.  100. 

65 

p.  100. 

60 

p.  100. 

55 

p.  100. 

50 

p.  100. 

p.  100. 

85 

6-56 

80 

13-79 

6-83 

75 

21-89 

14-48 

7-20 

70 

31-05 

23-14 

15-35 

7  64 

65 

41-53 

33-03 

24-66 

16-37 

8-15 

60 

53-65 

44-48 

35-44 

26-47 

17-58 

8-76 

55 

67-87 

57-90 

48  07 

38-32 

28-63 

1902 

9-47 

50 

84-71 

73-90 

63-04 

52-43 

41-73 

31-25 

20-47 

10-35 

45 

105-34 

93-30 

81-38 

69-54 

57  78 

46  09 

34-46 

22  90 

11-41 
25-55 

40 

130-80 

117-34  104-01 

90-76 

77-58 

64-48 

51-43 

38-46 

35 

163-28 

148-01  132  88 

117-82 

102-84 
136-04 

87-93 

73-08 

58-31 

43-59 

30 

206  22 

188-57 

171-C5 

153-61 

118.94 

101-71 

84-54 

67-45 

Alcohol  is  an  easily  oxidisahle  substance.     Chromic  acid, 
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for  instance,  easily  oxidises  it,  first  into  aldehyde,  and  then 
into  acetic  acid.  It  follows  that  alcohol  should  not  bo  com- 
bined in  mixtures  with  oxidising  agents  of  notable  energy. 
Further,  alcohol  is  a  reducing  agent,  and  therefore  should 
not  be  combined  with  easily  reducible  substances.  These 
remarks  particularly  apply  to  chromic  acid,  see  §§  37,  38,  48. 

For  fixing,  alcohol  is  a  very  third-class  reagent,  only  to 
be  used  alone  where  better  ones  cannot  be  conveniently 
employed,  though  it  enters  as  a  useful  ingredient  into  many 
mixtures,  in  which  it  serves  to  enhance  the  power  of  pene- 
tration. For  hardening  it  is  an  important  one.  90  to  95 
per  cent,  is  the  most  generally  useful  strength.  Weaker 
alcohol,  down  to  70  per  cent.,  is  often  indicated.  Absolute 
alcohol  is  seldom  advisable.  You  ought  to  begin  with 
weak,  and  proceed  gradually  to  stronger,  alcohol.  Large 
quantities  of  alcohol  should  be  taken.  The  alcohol  should 
be  frequently  changed,  or  the  tissue  should  be  suspended 
near  the  top  of  it  (§  31).  Many  weeks  may  be  necessary 
for  hardening  large  specimens.  Small  pieces  of  permeable 
tissue,  such  as  mucous  membrane,  may  be  sufficiently 
hardened  in  twenty-four  hours. 

103.  Absolute  Alcohol. — This  is  sometimes  valuable  on 
account  of  its  great  penetrating  power.  Mayer  finds  that 
boiling  absolute  alcohol  is  often  the  only  means  of  killing- 
certain  Arthropoda  rapidly  enough  to  avoid  maceration. 

It  is  important  to  employ  for  fixing  a  very  large  pro- 
portion of  alcohol.  Alum-carmine  is  a  good  stain  for  small 
specimens  so  fixed.  For  preservation,  the  object  should  be 
put  into  a  weaker  alcohol,  90  per  cent,  or  less. 

As  to  the  supposed  superiority  of  absolute  alcohol  over 
ordinary  strong  alcohol,  see  last  §  ;  and  amongst  authors 
upholding  its  superiority,  see  besides  Ranvier,  Mayer 
{3Iitth.  Zool.  8tat.  Neapel,  ii,  1880,  p.  7)  ;  Brvel  {Zuol. 
Jahrb.,  Ahth.  Moiyh.,  x,  1897,  p.  569)  ;  and  van  Rees 
(ibid.,  iii,  1888,  p.  10). 

Absolute  alcohol  is  a  product  that  it  is  almost  impossible  to  preserve 
in  use,  on  account  of  the  rapidity  with  which  it  hydrates  on  exposure  to 
air.  Fol  recommends  that  a  little  quicklime  be  kept  in  it.  This  absorbs 
part  at  least  of  the  moisture  drawn  by  it  from  the  ah. 


62 


OEAPTER  V. 


Auothei-  plan  that  I  have  seen  recommended  is  to  suspend  strips  of 
gelatin  in  it.    But  it  is  probably  rendered  very  acid  thereby. 

Ranvier  prepares  a  sufficiently  "absolute"  alcohol  as  follows :— Strong 
(95  per  cent.)  alcohol  is  treated  with  calcined  cupric  sulphate,  witli  which 
it  is  shaken  up  and  allowed  to  remain  for  a  day  or  two.  It  is  then 
decanted  and  treated  with  fresh  cupric  sulphate,  and  the  operation  is 
repeated  until  the  fresh  cupric  sulphate  no  longer  becomes  conspicuously 
blue  on  contact  with  the  alcohol ;  or  until,  on  a  drop  of  the  alcohol 
being  mixed  with  a  drop  of  turpentine,  no  particles  of  water  can  be 
seen  in  it  imder  the  microscope.  The  cupric  sulphate  is  prepared  by 
calcining  common  blue  vitriol  in  a  porcelain  capsule  over  a  flame  until 
it  becomes  white,  and  then  reducing  it  to  powder  (see  Proc.  Acad.  Nat. 
Soi.  Philad.,  188J..,  p.  27 ;  Journ.  Boy.  Mic.  Soc,  1884,  pp.  322  and  984). 

Test  for  the  presence  of  water  (TvoN,  G.  B.  Acad.  Sci.,  1897,  p.  1181).— 
Add  coarsely  powdered  calcium  carbide ;  the  merest  trace  of  water  will 
cause  an  evolution  of  acetylene  gas,  and  on  agitation  the  alcohol  will 
become  turbid. 

104.  One-third  Alcohol— The  grade  of  weak  alcohol  that  is 
generally  held  to  be  most  useful  for  fixmg  is  one-third 
alcohol;  or  Ranvieb's  Alcohol.  It  consists  of  two  parts  of 
loater  and  one  part  of  alcohol  of  "90  per  cent,  (and  not  of 
absolute  alcohol).     See  the  Traite  Technique  of  Ranvier, 

'  p.  241,  et  passim. 

Objects  may  be  left  for  twenty-four  hours  in  this  alcohol; 
nob  more,  unless  there  be  no  reason  for  avoiding  maceration, 
which  will  generally  occur  after  that  time.  You  may  con- 
veniently stain  with  picro-carmine,  alum-carmine,  or  methyl 
green. 

This  reagent  is  a  very  mild  fixative.  Its  hardening  action 
is  so  slight  that  it  is  not  at  all  indicated  for  the  fixing  of 
objects  that  are  intended  to  be  sectioned.  Its  chief  use  is 
for  extemporaneous  and  dissociation  preparations. 

105.  Acid  Alcohol  (Mayee,  Mitth.  Zool.  Stat.  Neapel,  ii,  1881,  p.  7).— 
To  97  vols,  of  90  per  cent,  alcohol  add  3  vols,  pure  hydrochloric  (or 
nitric)  acid.    Wash  out  with  90  per  cent,  alcohol. 

The  use  of  this  mixture  is  principally  for  the  pre]paraiion  of  museum 

specimens.  ,  ,„   ,  i  tn 

Lo  Bianco  {Mitth.  Zool.  Stat.  Neapel,  ix,  1890,  p.  443)  takes  50  pei 

cent,  alcohol  with  5  per  cent,  of  hydi-ochloric  acid. 

106  Pyridin.— Pyi-idin  has  been  recommended  as  a  hardening  agent 

(bv  a'  de  SotJZA).   It  hardens,  dehydrates,  and  clears  at  the  same  tmie. 

It  is  said  to  harden  quickly,  and  to  give  particularly  good  results  with 

brain.    See  Comptes  Bendus  hehd.  de  la  Soc.  de  Biologxe,  8  ser.,  t.  iv, 

1887,  p.  622. 
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This  substance  is  strongly  alkaline,  and,  either  pure  or  diluted  with 
water,  dissolves  many  albumens  and  fats.  It  causes  consideraljle  shrink- 
age of  nuclei  (not  so  much  of  cytoplasm).  It  is  now  in  much  use  in 
certain  ueuro-fibril  stains,  see  Bielschowsky  and  Ramon.  It  is 
soluble  in  water  and  in  alcohol.  Pure,  it  will  harden  and  dehydrate 
small  brains  in  a  week. 

107.  Acetone  is  said  to  harden  very  rapidly.  Scholz 
{Zeit.  loiss.  Mikr.,  xxii,  1905,  p.  415)  fixes  small  objects  in 
warm  acetone  for  lialf  an  hour  to  an  hour  and  brings  them 
direct,  or  through  alcohol  and  ether,  into  celloidin. 

Similarly  Fuss  {Arch.  -path.  Anat.,  clxxxv,  1906,  p.  5), 
using  it  cold,  and  Lintwarew  [ibid.,  ccvi,  1911,  p.  36)  for 
erythrocytes,  in  which  it  preserves  the  htemoglobin. 

108.  Formaldehyde,  Formic  Aldehyde,  Methyl  Aldehyde 
(Formol,  Formalin,  Formalose).— Formaldehyde  is  the  chemical 
name  of  the  gaseous  compound  HCOH,  obtained  by  the 
oxidation  of  methyl-alcohol.  "  Formol,"  "  Formalin,"  and 
"  Formalose  "  are  commercial  names  for  the  saturated  (40  per 
cent.)  solution  of  this  in  distilled  water.  This  quickly  loses 
in  strength  through  contact  with  air,  and  laboratory  solutions 
rarely  contain  more  than  38  per  cent,  of  formaldehyde. 

Much  confusion  has  been  caused  by  indiscriminate  use  of 
the  terms  "formaldehyde"  and  "formol."  The  proper  way  is 
evidently  either  to  state  the  strengths  of  solutions  in  terras 
of  formaldehyde,  and  say  so ;  or  to  say  "  formol— or  formalin 
— with  so  many  volumes  of  water."  The  majority  of  writers 
seem  to  state  in  terms  oi  formol. 

Solutions  of  formaldehyde  sometimes  decompose  partially 
or  entirely,  with  formation  of  a  white  deposit  of  paraformal- 
dehyde. Fish  says  that  to  avoid  this  the  solution  should  be 
kept  in  darkened  bottles  in  the  cool,  or,  according  to  some, 
it  suffices  to  add  glycerin  to  them. 

The  solutions  almost  always  have  an  acid  reaction,  due  to 
the  presence  of  formic  acid  •  but  that  is,  as  a  rule,  rather  an 
advantage.  But  some  observers  hold  that  neutral  or  feebly 
alkaline  solutions  fix  better  than  acid  ones.  Solutions  may 
be  neutralised  by  the  usual  methods  :  it  will  generally  suffice 
to  make  them  up  with  spring  water. 

It  was  said  above  that  formaldehyde  possesses  certain 
hardening  and  preserving  qualities.    It  hardens  gelatine, 
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for  instance,  and  certain  albuminoids ;  but  others,  on  the 
contrary,  aro  not  hardened  by  it,  but  sometimes  even 
rendered  move  soluble  than  they  are  naturally.  For  some 
theoretical  considerations  concerning  its  action  on  tissues, 
see  F  Blum,  in  Anat.  Anz.,  xi,  1896,  p.  718 ;  Benedecenti,  in 
Arch  Anat.  u.  Phys.,  Abth.,  1897,  p.  219  ;  Gerota,  in  Intern. 
Monnlschr.  Anat.,  xiii,  1896,  p.  108;  Zeit.  wiss.  M/<;.,  xni,  p. 
311  •  Sjobeing  in  Anat.  Anz.,  xvii,  1900,  p.  274;  and  Blum, 
in  Encycl.  Mile.  Technlh.,  p.  3)93.  It  seems  to  be  generally 
admitted  that  this  action  consists  in  the  formation  of  methylene 
compounds  with  the  substances  of  the  tissues. 

I  find  that,  used  pure,  it  is  far  from  a  first-class  fixative. 
For  it  over-fixes  and  shrinks  some  things,  and  swells  and 
vacuolates  others.  But  notwithstanding  this  it  is  frequently 
very  convenient  on  account  of  its  compatibility  with  the  most 
various  stains.  It  has  a  high  degree  of  penetration,  and  is 
a  valuable  ingredient  in  many  mixtures. 

It  is  a  powerful  reducing  agent,  and  therefore  incompatible 
with  such  reagents  as  chromic  acid  or  osmic  acid  and  the 
like,  which  it  very  rapidly  decomposes. 

For  fixing  I  find  that  a  strength  of  about  4  per  cent. 
(1  vol.  formol  to  9  of  water,  or  to  8  of  water  if  the  formol 
has  been  long  kept)  is  generally  about  right ;  and  this  is 
the  strength  used  by  most  writers.  Mater  takes  1  of 
formol  to  9  of  sea-water,  for  marine  animals.  Few  workers 
use  much  stronger  solutions.  Only  one  (Hoyee,  Anat.  Anz 
ix  1894,  p.  236,  Erganzungsheft)  seems  to  have  used 
concentrated  solutions.  I  think  this  exaggerated,  for  I 
have  found  enormous  over-fixation  with  solutions  of  1  to 
2  vols,  of  water.  Wash  out  with  alcohol  (of  50  per  cent, 
or  more),  not  water. 

For  hardening,  the  same  strengths  may  be  taken 
Hardening  is  more  rapid  than  with  alcohol.  For  prolonged 
hardening,  considerable  volumes  of  liquid  should  be  taken, 
and  the  liquid  should  be  renewed  from  time  to  time ;  for 
the  formaldehyde  fixes  itself  on  the  tissues  with  which  it 
comes  in  contact,  deserting  the  solution,  which  thus  becomes 
progressively  weaker.  The  specimens  should  be  suspended 
L  the  liquid  or  otherwise  isolated  hom  contact  with  the 
containing  vessel.  The  hardening  obtained  is  gentle  and 
tough  giving  an  elastic  and  not  a  brittle  consistency.  It 
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varies  greatly  with  different  tissues.  Mueiu  is  not  pre- 
cipitated and  remains  transparent.  Fat  is  not  dissolved. 
Micro-organisms  retain  their  specific  staining  reactions. 
Formaldcliyde  is  said  to  harden  celloidin  as  well  as  gelatin, 
and  to  be  useful  for  celloidin-imbedding  (Blum,  Anat.  Anz., 

xi,  1896,  p.  724). 

Several  of  the  following  mixtures  are  irrational,  becoming 
reduced  more  or  less  quickly,  but  may  give  good  results  all 
the  same. 

109.  Alcoholic  Formol  (Lavdowsky,  Anal.  EeJ'te,  iv,  1894, 
p.  361.) — Water  40  parts,  95  per  cent,  alcohol  20,  formol  6, 
acetic  acid  1 ;  or  water  30,  alcohol  15,  formol  5,  acetic 
acid  1. 

Gdlland  {Zeit.  wiss.  Mihr.,  xvii,  1900,  p.  222)  takes  (for 
blood)  1  part  formol  and  9  parts  of  alcohol. 

Bles  [Trans.  Boy.  Soc.  EdinUirgh,  xli,  1905,  p.  792)  takes 
1  of  formol,  90  of  alcohol  of  70  per  cent.,  and  3  of  acetic 
acid. 

Tellyesniczky  {Encycl.  mikr.  Techn.,  i,  p.*472)  takes  5  of 
formol,  100  of  alcohol  of  70  per  cent.,  and  5  of  acetic  acid. 

110.  Picro-Formol. — P.  Bourn  {Phmomenes  cytologiques 
anormaux  dans  L' Eistoyenl-se,  etc.,  Nancy,  1897,  p.  19) 
recommends — 

Picric  arfid,  saturated  aqueous  sol.      .     75  parts, 
Formol  .        .        .        •        •        •    25  „ 
Acetic  acid     .        .        •        •        •  5 
Wash  out  with  alcohol,  first  of  50  per  cent.,  then  70  per 
cent,  till  the  picric  acid  is  mostly  removed.     I  consider  this 
to  be  for  most  purposes  the  most  valuable  fixative  yet  made 
known.     I  have  satisfied  myself  that  the  proportions  are 
exactly  what  they  should  be  and  cannot  be  changed  without 
hurt.     It  is  rather  a  strong  fixative,  and  should  not  be 
allowed   to   act   for  more   than   18   hours.     If  a  weaker 
mixture  be   desired,  dilute  the  whole  with  water.  The 
penetration  is  great,  the  fixation  equable,  delicate  detail 
well  preserved,  staining  qualities  admirable,  especially  with 
iron-hematoxylin    and    Saiirefuchsin.     See   also  Garnjeb, 
Bibl.  Anat.,  v,  1898,  p.  279. 

The  formulED  of  Geaf  {Slaie  Hoqy.  Bull.  New  Ycric,  1897;  Jturn.  Eoy. 
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Mic.  Soc,  1898,  p.  492)  are  in  my  view  too  weak,  aud  sulfer  hy  tlie 
omission  of  tlie  acetic  acid. 

MoitJiAUX  {Bibl.  An  d.,  1910,  p.  205)  takes  15  parts  formol,  85  of 
trichlor-acetic  acid  of  3  per  cent.,  and  picric  acid  to  saturation. 

111.  Picro-platinic  Formol  (M.  and  P.  BuuiN,  Bihl.  Auat., 
1898,  f.  2,  p.  2).— 

Platinum  chloride,  1  per  cent.  sol.       .     20  parts. 
Picric  acid,  saturated  sol.  .        .        .20  „ 

Formol  .        .        .        .        .        .     10  „ 

Formic  or  acetic  acid        .        .         .      5  „ 
I  find  this  excellent,  but  the  mixture  does  not  kce[)  more 
than  a  day  or  two. 

BoDiN  also  {Arch.  Biol,  xvii,  1900,  p.  211)  simply 
substitutes  formol  for  the  osmic  acid  in  Hbrmann's  mixture, 
§  45. 

112.  Sublimate  Formol  (M.  and  P.  Bouin,  loc.  ci.t.).—A  similar 
mixture,  in  which  sublimate  of  1  per  cent,  is  substituted  for  the  plati- 
num chloride. 

Another  formula  of  the  same  authors  {Arch.  Biol.,  xvii,  1900,  p.  211) 
is  1  part  of  formol  to  3  of  saturated  aqueous  sublimate.  Rinse  with 
water  and  bring  into  alcohol  of  70  per  cent. 

Spulee.  (Eiicycl.  mile.  Technilc,  1st  ed.,  p.  1280)  adds  to  sublimate  of  3 
per  cent,  or  more  1  per  cent,  of  glacial  acetic  acid  aud  10  per  cent,  of 
formol. 

Mann  {Verh.  Auat.  Ges.,  1898,  p.  39)  takes  for  nerve-cells  2;^  g.  sub- 
limate, 1  g.  picric  acid,  5  c.c.  formol,  and  100  c.c.  water,  or  {MeUiods, 
etc.,  p.  97)  for  all  tissues  2i  g.  sublimate,  20  c.c.  formol,  and  SO  c.c.  water. 

Beanca  {Journ.  Anat.  et  Phys.,  xxxv,  1899,  p.  767)  adds  10  parts  of 
formol  and  1  of  acetic  acid  to  60  parts  of  saturated  solution  of  picric 
acid  in  saturated  aqueous  sublimate. 

NOWAK  {Anat.  Anz.,  xx,  1901,  p.  244)  takes  30  parts  of  saturated  sub- 
limate, 30  of  1  per  cent,  chi'omic  acid,  27  of  water,  3  of  acetic  acid,  and 
10  of  formalin. 

113.  romol-Miiller. — This  is  the  name  given  by  Oinii 
{Berl.  Min.  Wochensclir.,  1896,  No.  VS)  to  a  mixture  of  1 
part  of  formol  with  10  of  liquid  of  Miiller  (§  53).  It  should 
be  freshly  made  up.  Fix  for  three  hours  in  the  stove,  or 
twelve  at  normal  temperature,  wash  out  with  running  water. 
Much  used,  especially  for  nervous  tissues. 

MoELLER  {Zeit.  loiss.  Zool.,  Ixvi,  1899,  p.  85)  takes  1  vol. 
of  formol  and  4  of  3  per  cent,  bichromate  (for  the  intestine 
of  mammals). 
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Hkld  (Able.  8<ichs.  Qes.  Wiss.,  xxxi,  1900,  p.  196)  takes 
3  per  cent.  sol.  of  biolivomafce  with  4  per  cent,  ol:  lormol 
and  5  per  cent,  of  acetic  acid  (for  inner  ear).  See  also 
MouEL  and  Bassal,  Joiirn.  A)iat.  Pliys.,  xlv,  1909,  p,  032. 

114.  Chromic  Acid  Formol. — Lo  Bjanco  fixes  marine  animals 
for  half  to  one  hour  in  10  parts  of  1  per  cent,  chromic 
acid  with  1  of  formol  and  9  of  sea-water,  and  passes 
into  graded  alcohols. 

Marchoux  (from  Peeez,  Arch.  Zool.  Exper.,  v,  1910, 
p.  11)  takes  11  parts  1  per  cent,  chromic  acid,  1  of  acetic 
acid,  4  of  water,  and  16  of  formol  (added  just  before 
using). 

115.  Copper  Pormol.— Nelis  (Ball.  Acad.  Sc.  Belg.,  1899  [1900], 
p.  726)  fixes  spinal  ganglia  for  twenty-four  hours  in  1  litre  of  7  per  cent, 
formol  witli  5  c.c.  of  acetic  acid,  20  g.  of  cupric  sulphate,  and  sublimate 
to  saturation. 

Stappbes  [La  Cellule,  xxv,  1909,  p.  356)  used  (for  Sympoda)  a  mixture 
of  Gilson's  :  100  parts  of  formol  of  5  per  cent,  with  2  of  nitrate  of 
copper. 

Strong  [Joum.  Comp.  Near.,  xiii,  1903,  p.  296)  fixes  the  head  of 
AcantUias  by  injecting  a  mixture  of  equal  parts  of  formol  and  5  per 
cent,  solution  of  bichromate  of  coj)per. 

116.  Nitric  Acid  Formol.— Wilhelmi  [Fauna  u.  Flora  Golf.  Neapel, 
xxxii,  1909,  p.  15)  fixes  Triclads  in  Apathy's  mixtui'e  of  equal  parts  of 
6  per  cent,  nitric  'acid  and  6  per  cent,  formol,  and  brings  them  direct 
into  strong  alcohol. 

117.  Acetone  Formol. — Bing  and  Ellebmann  {Arch.  Anat.  Phys. 
Plujs.  Abth.,  1901,  p.  260)  fix  medullated  nerves  in  9  parts  of  acetone 
with  1  of  formol. 


CHAPTER  VJ. 


Dli-AI-UOUOLISATlON  AND  (ILKAIUNC  A(;KNTS. 

118.  Introduction. — De-alcohoUsation  agents  are  liquids 
employed  for  the  purpose  of  getting  rid  ot'  tlie  alcohol 
whicli  lias  been  employed  for  dehydrating  tissues  (§  3),  and 
facilitating  the  penetration  of  the  paraffin  used  for  imbed- 
ding, or  the  balsam  or  other  resinous  medium  in  which 
preparations  are,  in  most  cases,  finally  mounted.  Hence 
all  of  them  must  be  capable  of  expelling  alcohol  from 
tissues,  and  must  be  at  the  same  time  solvents  of  Canada 
balsam  and  the  other  resinous  mounting  media.  The 
majority  of  them  are  essential  oils. 

Clearing  agents  are  liquids  whose  function  it  is  to  make 
microscopic  preparations  transparent  by  penetrating  amongst 
the  highly  refracting  elements  of  which  the  tissues  are  com- 
posed, the  clearing  liquids  themselves  having  an  index  of 
refraction  superior,  or  equal,  or,  at  all  events,  not  greatly 
inferior  to  that  of  the  tissues  to  be  cleared.  Hence  all 
clearing  agents  are  liquids  of  high  index  of  refraction. 

The  majority  of  de-alcoholisation  agents  being  also  liquids 
of  high  refraction,  it  follows  that  they  serve  at  the  same  time 
for  de-alcoholisation  and  for  clearing;  and  in  consequence 
it  has  come  about  that  de-alcoholisation  agents  are  generally 
spoken  of  as  clearing  agents.  But  that  practice  is  not 
strictly  correct,  for  not  all  clearing  agents  are  solvents 
of  the  resins,  and  not  all  de-alcoholising  agents  can  serve 
as  clearers.  I  shall,  however,  still  in  many  cases  continue 
to  use  the  term  "  clearing  "  to  signify  "  de-alcoholising,"  for 
the  sake  of  brevity. 

Neelsen  and  Schieffeedecker  [Arch.  Anat.  Phys.,  1882, 
p  206)  examined  a  large  series  of  ethereal  oils  (prepared 
by  Schimmel  and  Co.,  Leipzig),  with  the  object  of  finding  a 
not  too  expensive  substance  that  should  combine  the  proper- 
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ties  of  cleaving  quickly  alcohol  preparaUoiis,  not  dissolving 
out  anilin  colourSj  clearing  celloidin  wifclioiifc  dissolving  it, 
and  not  evaporating  too  quickly. 

Of  these,  the  following  three  fulfil  the  conditions  : — Cedar- 
ivood,  Origanum,  Sandal-ivood. 

To  these  should  be  added  the  others  recommended  in  the 
following'  paragraphs. 

See  also  the  paper  of  Jordan  {Zelt.  tviss.  Mile,  xv,  1898, 
p.  oO),  as  to  the  behaviour  oi:  some  essential  oils  towards 
celloidin. 

119,  The  Practice  of   De-alcoholisation  or  Clearing'. — The 

old  plan  was  to  take  the  object  out  of  the  alcohol  and  float 
it  on  the  surface  of  the  de-alcoholising  or  clearing  medium 
in  a  watch-glass.  This  plan  was  faulty,  because  the  alcohol 
escapes  from  the  surface  of  the  object  into  the  air  quicker 
(in  most  instances)  than  the  de-alcoholising  or  clearing  agent 
can  get  into  it ;  hence  the  object  must  shrink.  To  avoid 
this  cause  of  shrinkage,  the  operation  is  now  generally  done 
by  the  method  suggested  hy  Mayer  and  Giesbreclit,  which 
consists  in  putting  the  clearing  medium  under  the  alcohol 
containing  the  object,  as  described  §  5.  The  objects  should 
not  be  considered  to  be  perfectly  penetrated  by  the  clearing 
medium  until  the  wavy  refraction-lines  caused  by  the  mix- 
ture of  the  tyfo  liquids  at  their  surface  have  ceased  to  form, 
and  they  should  not  be  mounted  or  imbedded  until  they 
have  first  been  soaked  for  some  time  in  a  fresh  quantity  of 
clearing  medium,  to  remove  any  alcohol  that  has  got  into  the 
first  bath. 

The  penetration  of  all  clearing  media  may  be  hastened 
by  using  them  warm. 

It  frequently  happens  that  the  essential  oil  with  Avhich 
objects  are  being  treated  in  a  watch-glass  or  on  a  slide 
becomes  cloudy  after  a  short  time,  and  fails  to  clear  the 
tissues.  This  is  owing  to  a  combination  between  the  essen- 
tial oil  and  moisture,  deiived,  I  think,  rather  from  the  air 
than  from  the  objects  themselves.  The  cloudiness  can 
usually  be  removed  liy  warming  (as  pointed  out  by 
Hatciiett  Jackson,  Zool.  Anze.'uj.,  1880,  p.  630),  but  in  coi'tain 
moist  states  of  the  atmosphere  it  may  ]icrsist,  notwithstand- 
ing continued  wanning.     It  is  for  this  reason  that  I  advise 
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tliat  cleaving  be  clone,  whenever  possible,  in  shallow  corked 
tubes,  under  winch  conditions  the  phenomenon  rarely  occurs. 
In  any  case,  be  careful  not  to  breathe  on  the  liquid. 

120.  Choice  of  a  De-alcoholisation  or  Clearing  Agent. — I 

advise  the  beginner  to  keep  on  his  table  the  following  : — 
Oil  of  cedar,  for  general  use  and  for  pi-eparing  objects  for 
imbedding  in  paraffin  ;  clove  oil  for  making  minute  dissec- 
tions in  (§  122),  and  for  much  work  with  safranin,  etc.;  oil 
of  bergamot,  which  will  clear  from  90  per  cent,  alcohol,  and 
which  does  not  extract  coal-tar  colours;  carbolic  acid,  for 
rapidly  clearing  very  imperfectly  dehydrated  objects. 

For  special  clearers  for  celloidin  sections  see  Chapter  IX. 

121.  Cedar  Oil  (Neelsen  and  Schiefferdecker,  loc.  cif., 
§  118). — Cleai's  readily  tissues  in  95  per  cent,  alcohol  vnth- 
ont  shrinkage-  does  not  extract  auilin  colours.  Celloidin 
sections  are  cleared  in  five  to  six  hours. 

The  observer  should  be  careful  as  to  the  quality  of  the 
cedar  oil  he  obtains.  I  have  examined  the  clearing  proper- 
ties of  a  sample,  obtained  from  a  celebrated  firm,  which 
tolalhj  failed  to  clear  absolute  alcohol  objects  after  many 
days. 

Cedar  oil  is  rerj/  fenetraiiiig,  and  for  this  and  other 
reasons  is,  in  my  experience,  the  very  best  of  all  media  for 
preparing  objects  for  paraffin  imbedding.  I  find  it  to  be  lefs 
hurtful  to  cells  than  any  other  medium  known  to  me.  Tissues 
may  remain  in  it  for  any  length  of  time  without  hurt.  If  it 
should  become  milky  through  keeping,  filter. 

122.  Clove  Oil.— Samples  of  clove  oil  of  very  different 
shades  of  colour  are  met  with  in  commerce.  It  is  frequently 
recommended  that  only  the  paler  sorts  should  be  employed 
in  histology.  Doubtless  it  is,  in  general,  best  to  use  a  pale 
oil,  provided  it  be  pure ;  but  it  is  not  always  easy  to  obtain 
a  Hght-coloured  oil  that  is  pure.  Clove  oil  passes  very 
readily  from  yellow  to  brown  with  age,  so  that  in  chocsing 
a  colourless  sample  you  run  great  risk  of  obtaining  an 
adulterated  sample,  for  clove  oil  is  oue  of  the  most  adulterated 
substances  in  commerce. 

Clove  oil  does  not  easily  spread  itself  over  the  surface  of 
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a  slide,  but  has  a  tendency  to  form  very  convex  drops.  This 
property  makes  it  a  very  convenient  medium  for  making 
minute  dissections  in.  It  also  has  the  property  of  making 
tissues  that  have  lain  in  it  for  some  time  very  brittle.  This 
Lrittleness  is  also  sometimes  very  helpful  in  minute  dissec- 
tions. 

These  qualities  may  be  counteracted  if  desired  by  mixing 
the  clove  oil  with  bergamot  oil. 

This  is  one  of  the  most  useful  of  clearers.  According  to 
Behrens  {Tahellen,  3  ed.,  1898,  p.  33),  it  will  clear  from 
alcohol  of  74  per  cent. 

It  has  a  high  i:idex  of  refraction,  and  clears  objects  more 
than  balsam  mounting  media.  It  dissolves  celloidin  (or  col- 
lodion), and  therefore  should  not  be  used  for  clearing 
sections  cut  in  that  medium,  without  special  precautions. 
New  clove  oil  washes  out  basic  tar  colours  more  quickly  than 
old. 

123.  Cinnamon  (or  Cassia)  Oil  greatly  resembles  clove  oil,  but  is  in 
general  thinner,  and  is  more  biglily  refractive.  An  excellent  medium, 
wliicli  I  particularly  recommend. 

124.  Oil  of  Bergamot  (Schieffeedeckee,  Arch.  Anat.  Phys., 
1882  [Anat.  Abth.],  p.  206).— Clears  96  per  cent,  alcohol 
preparations  and  celloidin  preparations  quickly,  and  does 
not  extract  anilin  colours. 

Bergamot  oil  is,  I  believe,  the  least  refractive  of  these 
essences,  having  a  lower  index  than  even  oil  of  turpentine. 

SuCHANNEK  [Zeit.  tviss.  Mil-.,  vii,  1890,  p.  158)  says  that 
bleached,  colourless  bergamot  oil  will  not  take  up  much 
water,  whereas  a  green  oil  will  take  up  as  much  as  10  per 
cent. 

"Van  der  Steicht  {Arch,  de  Biol.,  xii,  1892,  p.  741)  says 
that  bei-gamot  oil  will,  with  time,  dissolve  out  the  fatty 
granules  of  certain  ova. 

125.  Oil  of  Origanum  (Neelsen  and  Schiefpisedeckee,  Arch. 
Anat.  Phys.,  1882,  p.  204). — Ninety-five  per  cent,  alcohol 
preparations  are  cleared  quickly,  and  so  are  celloidin  sec- 
tions, without  solution  of  the  celloidin.  Anilin  colours  are 
somewhat  extracted. 

For  work  with  celloidin  sections  core  should  be  taken  to 
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obtain  01.  Origani  Orelici  ("  SpaiiiscliGS  Ilopfenol"),  not  01. 
Orig.  Gcdlici  {v.  G-ieson  ;  see  Zdt.  luiss.  Mik,  \v,  1887,  p. 
482).  Specimens  of  origanum  oil  vai-y  greatly  in  their  action 
on  celloidin  sections. 

Squire,  in  liis  MethocU  and  Formulie,  etc.,  p.  81,  says  that 
origanum  oil  (meaning  the  commercial  product)  is  nothing 
but  oil  of  white  thyme  more  or  less  adulterated  (see  next  §), 
and  that  the  product  sold  as  01.  Origani  Cretici  is  probably 
oil  of  marjoram. 

126.  Oil  of  Thyme.— Fish  {Proc.  Amer.  Mic.  Soc,  1893; 
Zeit.  toiss.  Mik.,  xi,  p.  503),  following  Bompds,  says  that  for 
most  of  the  purposes  for  which  origanum  oil  has  been  recom- 
mended, oil  of  thyme  will  do  just  as  well  if  not  better.  The 
red  oil  is  just  as  efficient  as  the  lohite  for  clearing. 

Schinimel  and  Co.,  in  their  Report  of  October,  1895,  p.  69, 
state  that  in  France  white  oil  of  thyme  is  adulterated  with 
oil  of  turpentine  to  the  extent  of  as  much  as  50  per  cent. 

127.  Oil  of  Gaultheria.— Used  hj  Unna  {Monatschr.  prald.  Di-rm., 
Ergnnzmujsh,  188-5,  p.  53)  for  thinning  balsam.  The  artificial  oil, 
methyl  salicylate,  is  recommended  l)y  Gubgttbn  (Coflyj.  Bend.  Soc. 
Biol.,  V,  1898,  p.  285)  both  as  a  de-alcoholisation  and  clearing  agent  and 
as  a  solvent  of  paraffin.  The  refractive  index  is  1-53.  It  is,  unfor- 
tunately, very  sensitive  to  water. 

128.  Sandal-wood.  Oil  (Neelsen  and  Schieffebdecker,  loc.  cit.). 
—Very  useful,  but  its  high  price  is  prohibitive. 

129.  Oil  of  Cajeput.— Now  much  used.  I  have  used  it 
myself  and  found  it  to  clear  well,  but  to  be  rather  thin. 
Oarnoy  and  Lebrun  {La  Cellule,  xiii,  1897,  p.  71)  have  found 
it  useful  for  clearing  celloidin  sections.  It  dissolves  celloidin 
very  slowly  and  clears  Avithout  shrinkage. 

130.  Oil  of  Turpentine. — Generally  used  for  dissolving  out  the 
paraffin  from  sections  ;  but  many  other  reagents,  sucli  as  xylol,  benzol, 
are  preferable  for  this  purpose.  If  used  for  alcohol  objects,  it  causes 
considerable  slu'inliage,  and  alters  the  structure  of  cells  more  than  any 
other  clearing  agent  known  to  me.  Turpentine  has,  I  believe,  the 
lowest  index  of  refraction  of  all  the  usual  clearing  agents  except 
bergamot  oil ;  it  clears  objects  less  than  l^alsam. 


131.  Terpinol  (liquid,  from  Schimmel  and  Co.)  is  recom- 
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mended  by  Mayioij,  Zoit.  icm.  MUa\,  xxv\,  1910,  p.  523. 
Clears  from  alcohol  of  90  per  cent.,  or  even  80  per  cent. 

132.  Carbolic  Acid. — Best  used  in  concentrated  solution  in 
alcohol.  Clears  instantaneously,  even  very  watery  prepara- 
tions. This  is  a  very  good  medium,  but  it  is  better  avoided 
for  preparations  of  soft  parts  which  it  is  intended  to  mount 
in  balsam,  as  they  generally  shrink  by  exosmosis  when  placed 
in  the  latter  medium.  It  is,  however,  a  good  medium  for 
celloidin  sections. 

G- age's  Mixture  {Proc.  Amei:  Soc.  Mici:,  1890,  p.  120).— Carbolic 
acid  crystals  melted,  40  e.c. ;  oil  of  turpentine,  60  c.c. 

133.  Creosote. — Much  the  same  properties  as  carbolic  acid. 
Beech-wood  creosote  is  the  sort  that  should  be  preferred  for 
many  purposes, — amongst  others,  for  clearing  celloidin  sec- 
tions, for  which  it  is  a  very  good  medium. 

134.  Anilin  Oil. — Common  anilin  oil  will  readily  clear 
sections  from  70  per  cent,  alcoliol,  and  with  certain  pre- 
cautions (for  which  see  the  paper  of  Suchannek  quoted 
below)  objects  may  be  cleared  from  wateiy  media  without 
the  intervention  of  alcohol  at  all.  This  renders  it  valuable 
in  certain  cases  as  a  medium  for  preparing  for  paraffin 
imbedding.  For  ordinary  work  the  usual  commercial  anilin 
will  suffice;  tind  it  is  immaterial  whether  it  be  colourless  or 
have  become  brown  through  oxidation.  For  difficult  work 
it  is  well  to  use  a  perfectly  anhydrous  oil.  For  directions 
for  preparing  this  see  Suchannek,  Zeit.  wiss.  Mile,  vii,  1890, 
p.  156,  or  the  third  edition  of  this  work. 

Anilin  is  chiefly  used  for  clearing  celloidin  sections.  It 
ought  however  to  be  soaked  out  before  mounting  by  some- 
thing else  (chloroform  or  xylol  for  instance  for  some  hours), 
as  if  not  removed  it  will  brown  both  the  tissues  and  the 
mounting  medium. 

135.  Xylol,  Benzol,  Toluol,  Chloroform.— Too  volatile  to  be 
recommendable  as  clearing  agents  in  which  it  is  desired  to 
examine  specimens,  but  very  useful  for  pi'eparing  paraffin 
sections  for  balsam.  Of  the  three  first-mentioned  liquids, 
benzol  is  the  most  volatile,  then  toluol,  and  xylol  is  the  least 
volatile,  in  the  proportion  of  4  :  5:  9  (Squike,  Methods  and 
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Formvhr,  p.  20).  Clilovofonii  is  iiijurious  to  some  delicate 
stains,  -but  is  in  otlier  respects  an  excellent  de-alcoliolisation 
agent  rs  it  will  take  np  a  good  deal  of  water,  if  any  be  left 
in  the  preparations.  I  consider  it  too  volatile  to  be  safe  to 
use  before  balsnm.    Xylol  is  the  best  of  these  m  that 

respect.  -t  -e  ^     i.  • 

Both  xylol  and  toluol  are  liable  to  become  acid  it  kept  m 

only  partially  filled  vessels. 


CHAPTER  VIT. 


I M  BEDD I NG  METHODS — INTEOD UCTION. 

136.  Imbedding  Methods. — The  processes  known  as  Im- 
bedding Methods  are  employed  for  a  twofold  end.  Firstly, 
they  enable  us  to  surround  an  object,  too  small  or  too  delicate 
to  be  firmly  held  by  the  fingers  or  by  any  instrument,  with 
some  plastic  substance  that  will  support  it  on  all  sides  with 
firmness  but  without  injurious  pressure,  so  that  by  cutting 
sections  through  the  composite  body  thus  foi'med,  the  in- 
cluded object  may  be  cut  into  sufficiently  thin  slices  without 
distortion.  Secondly,  they  enable  us  to  fill  out  with  the  im- 
bedding mass  the  natural  cavities  of  the  object,  so  that  their 
lining  membranes  or  other  structures  contained  in  them  may 
be  duly  cut  in  situ  ;  and,  further,  they  enable  us  not  only  to 
surround  with  the  supporting  mass  each  individual  organ  or 
part  of  any  organ  that  may  be  present  in  the  interior  of  the 
object,  but  also  to  fill  with  it  each  separate  cell  or  other 
anatomical  element,  thus  giving  to  the  tissues  a  consistency 
they  could  not  otherwise  possess,  and  ensuring  that  in  the 
thin  slices  cut  from  the  mass  all  the  minutest  details  of 
structure  will  precisely  retain  their  natural  relations  of 
po-sition. 

These  ends  are  usually  attained  in  one  of  two  ways.  Either 
the  object  to  be  imbedded  is  saturated  by  soaking  with  some 
material  that  is  liquid  while  warm  and  solid  when  cold, 
which  is  the  principle  of  the  processes  here  called  Fusion 
Imbedding  Methods;  or  the  object  is  saturated  with  sojne 
substance  which  whilst  in  solution  is  sufiiciently  fluid  to 
penetrate  the  object  to  be  imbedded,  whilst,  after  the  evapo- 
ration or  reniovnl  by  other  means  of  its  solvent,  it  acquires 
nnd  imparts  to  the  imbedded  object  sufficient  firmness  for 
the  purpose  of  cutting.  The  methods  founded  on  this 
principle  are  here  called  Evaporation  Tinhedding  Methods. 
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In  any  of  these  processes  the  material  used  for  imbedding 
is  technically  termed  an  "  imbedding  mass." 

There  are  two  chief  methods  of  imbedding— the  paraffin 
method  and  the  celloidin  or  collodion  method. 

The  paraffin  method  is  the  one  in  most  use  ;  for  it  is  the 
more  rapid,  requiring  only  hours  where  the  celloidin  process 
requires  days  or  weeks  ;  and  it  is  the  one  which  the  most 
readily  affords  very  thin  sections.     But  this  only  applies  to 
fairly  small  objects  :  with  objects  of  much  over  half  an  inch 
in  diameter  you  cannot  easily  get  with  paraffin  much  thinner 
sections  than  you  can  with  celloidin  ;  and  if  yon  try  to  cut 
ill   paraffin  objects  of   still  greater  size,  say   an  inch  and 
upwards,   it  will  frequently  happen   that  you  will  not  get 
perfect  sections  at  all,  blocks  of  paraffin  of  this  size  having 
a  tendency  to  f<flU  under  the  impact  of  the  knife.  This 
defect  is,  however,  much  reduced  by  the  employment  of  a 
softer  paraffin  than  is  usual.     In  this  way  Stuassur  [Zeit. 
wiss.  Mile,  ix,  1892,  p.  7)  has  obtained  series  of  frontal 
sections  30  /t  thick   through  the   entire  human  brain,  in 
paraffin  blocks  measuring  10  x  15  cm.     And  Mayee,  with 
the  Tetrander  microtome,  has  obtained  series  of  only  7-5  ,t 
with  a  surface  of  4^  x  3  cm. 

For  very  large  objects  celloidin  is  safer,  because  it  does 
not  split,  and  presents  advantages  for  the  manipulation  of 
the  sections  obtained.  For  all  classes  of  objects  it  has 
the  advantages  of  affording  a  transparent  mass  (which 
facilitates  orientation  of  the  object),  and  of  producing  less 
shrinkage  than  paraffin  (paraffin  unavoidably  shrinks  on 
cooling  to  at  least  12  per  cent.).  It  is  for  these  two  reasons 
that  celloidin  is  so  frequently  preferred  by  embryologists— 
even  for  small  objects. 

Aqueous  masses,  such  as  gum  or  gelatin,  may  render  great 
service  in  cases  in  which  it  is  desired  to  avoid  dehydratimj 
tissues,  and  to  apply  chemical  tests  to  them. 

137.  Imbedding  Manipulations.— Imbedding  in  a  melted 
mass,  such  as  paraffin,  is  performed  in  one  of  the  following 
ways.  A  little  tray  or  box  or  thimble  is  made  out  of  paper, 
some  melted  mass  is  poured  into  it,  and  the  object  placed  in 
the  midst  of  it.  Or,  the  paper  tray  being  placed  on  cork, 
the  object  may  be  fixed  in  position  in  it  whilst  empty  by 
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means  of  pins  and  tlio  tray  fillud  with  iiiuUcd  mass  at  one 
pour.    The  pins  are  removed  when  the  mass  is  cold. 

In  either  case,  when  tlie  mass  is  cold  the  paper  is  removed 
from  it  before  cutting. 

To  make  paper  trays  proceed  as  follows.  Take  a  piece 
of  stout  paper  or  thin  cardboard,  of  the  shape  of  the 
anne.xed  figure  (Fig.  1)  ;  thin  (foreign)  post-cards  do  very 
well  indeed.  Fold  it  along  the  lines  a  a  and  h  //,  then  along 
c  c  and  d  d' ,  taking    care  to   fold  always  the  same  way. 

a,  I3 


I  !  !  I 

a  V 
Fia.  1. 

Then  make  the  folds  A  A',  B  B' ,  G  C ,  D  !>',  still  folding  the 
same  way.  To  do  this  you  apply  A  c  against  A  a,  and  pinch 
out  the  line  A  A',  and  so  on  for  the  remaining  angles.  This 
done,  you  have  an  imperfect  tray  with  dogs^  ears  at  the 
angles.  To  finish  it,  turn  the  dogs^  ears  round  against  the 
ends  of  the  box,  turn  down  outside  the  jii'ojecting  flaps 
that  remain,  and  pinch  them  down.  A  well-made  post-card 
tray  will  last  through  several  imbeddings,  and  Avill  generally 
work  better  after  having  been  used  than  when  new. 

Another  method  of  folding  the  paper  (Mayer)  is  described 
in  the  Grundaiige,  Lee  and  Mayee,  4th  ed.,  p.  77. 
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G-iESBiiuCHT  now  makes  trays  of  pliotograpliic  films,  wliii^li 
being  transpavenfc  facilitate  orientation  under  tlie  dissecting 
microscope. 

To  make  paper  thimbles,  take  a  good  cork,  twist  a  strip  ot 
paper  several  times  round  it  so  as  to  make  a  projecting 
collar,  and  stick  a  pin  through  the  bottom  o£  the  paper  into 
the  cork.     For  work  with  iluid  masses,  such  as  celloidin, 
the  cork  may  be  loaded  at  the  bottom  by  means  oE  a  nail 
or  piece  of  lead,  to  prevent  it  fro.n  floating  when  the  whole 
is  thrown  into  spirit  or  other  liquor  for  hardening  (Fig.  2). 
Leuckhart's  Imbsdding  Boxes  are  made  of  two  pieces  of 
type-metal   (Fig.  3).     Each  of  these 
pieces  has  the  form  of  a  carpenter's 
square"  with  the  end  of  the  shorter 
arm    triangularly   enlarged  outwards. 
The  box  is  constructed  by  placing  the 
two  pieces  together  on  a  plate  of  glass 
which  has  been  wetted  with  glycerine 
and  gently  warmed.    The  area  of  the 
box  will  vary  according  to  the  position 
given  to  the  pieces,  but  the  height  can 
be  varied  only  by  using  different  sets 
of  pieces.    Two  sets  will  be  sufficient 
for  most  work ;   one  set  of  one  centi- 
metre in  height,  and  one  of  two  centi- 
metres, each  being  eight  centimetres 
in  length,  and  three  in  breadth.  To 
make  the  box  paraffin-tight,  so  that  it 
will   hold   the  melted  paraffin  long   enough  in  the  liquid 
state  to  permit  of  the  ob3ects  being  carefully  o^^^^^^^^      -  , 
Mayer  {mth.  Zool.  Stat.  Neapel,  iv,  1883,  p.  429)  h 
smears  the  glass  plate  with  glycerin,  then  arranges  the  metal 
'"nuares,"  and  then  fills  the  box  with  collodion,  which 
is  p  u  ed  out  again  immediately.     As  the  ether  evaporates 
a  thin  layer  of  collodion  remains  behind,  which  suffices  to 
keep   the  paraffin  from  running  out.    Even  withou  tlm 
collodion  tie  mere  cooling  of  the  paraffin  by  the  me  al  wi 
gjnera  ly  suffice  to  keep  it  in  long  enough  for  orientation,  .f 
ft  s  not  in  a  superheated  state  when  it  is  poured  in. 

In  such  a  colLionised  box  the  paraffin  may  be  kept  x n  a 
liqu^  state  by  warming  now  and  then  over  a  spirit  lamp,  and 


Fig.  3. 
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sinail  objects  hd  placed  in  any  desii-od  position  atider  the 
microscope  {Jourii.  Boy.  Mic.  S.>i:.  [N'.S.],!!,  p.  8::iO). 

A  liglitor  form  of  "sqaares,"  made  oi:  brass,  and  devised 
by  Andkes,  GiEsuitEcnr,  and  Mayer,  is  described  l)C.  cit. 
(s30  Joiini.  Roy.  Mic.  Soc,  1883,  p.  913).  A  more  compli- 
cated sort  is  described  by  Wxi-SON  in  Zdt.  wiss.  MUc,  xxvii, 
1910,  p.  228,  for  use  with  imbedded  threads  to  serve  as 
orientation  guides  (see  "  Orientation") . 

FiJANKL  {ZeLf.  wiss.  Mik.,  xiii,  1897,  p.  438)  builds  up 
boxes  with  rectangular  blocks  of  glass,  which  may  be  found 
convenient,  but  are  more  expensive  than  the  metal  squares. 

Selbnica  has  desciibad  and  figured  another  sort  of  apparatus  having 
the  Sims  object.  It  consists  of  a  glass  tube,  through  which  a  stream 
of  warm  water  may  be  passed  and  changed  for  cold  as  desli-ed,  the 
object  being  placed  in  a  depression  in  the  middle  of  the  tnbe  (see  Zool. 
Anz.,  1885,  p.  419).  A  simple  modification  of  this  ajjparatus,  which 
anyone  may  make  for  himself,  is  described  by  Andebws  in  Amer. 
Natural.,  1887,  p.  101 ;  and  a  more  complicated  imbedding  and  orienting 
box,  seldom  necessary,  is  described  by  Jordan,  in  Zeit.  wiss.  Mik.,  xvi, 
1899,  p.  32. 

To  imbed  in  a  watch-glass,  the  object,  previously  saturated 
with  paraffin,  is  put  into  a  (preferably  very  concave)  watch- 
glass  containing  molten  paraffin.  After  this  has  been  solidi- 
fied by  cooling  (see  next  chapter),  a  block  containing  the 
object  is  cut  out  of  it,  and  mounted  on  the  object-holder  of 
the  microtome  (this  is,  of  course,  a'p'plicahle  to  other  masses, 
such  as  celloidin). 

For  imbedding  very  small  objects  in  this  way  certain  precautions  may 
be  necessary  in  order  not  to  lose  them.  Samtee  {Zeit.  wiss.  Mile,  xi, 
1894,  p.  469)  saturates  small  unstained  objects  with  parafBn  that  has 
j)reviously  been  strongly  coloured  with  alkanna  extract,  and  then  iml^eds 
them  in  piu-e  paraliin.  Rhumblee  (ibid.,  xii,  1895,  p.  312,  and  xiii,  1896, 
p.  303)  stains  previously  the  objects  themselves  with  eosin  dissolved  in 
strong  alcohol,  and  removes  the  stain  from  the  sections  with  weak 
alcohol.  See  also  ibid.,  xiii,  p.  200,  a  paper  by  Schtdlowski  ;  and  in 
Zoit.  wiss.  Zool.,  Iviii,  1897,  p.  144,  a  process  of  Boegeet. 

BoKGEET  (Zeit.  wiss.  .^ooL,  Iviii,  1897,  p.  144)  allows  paraffin  to  solidify 
in  a  watch-glass,  bores  a  hole  in  it,  and  places  the  objects  in  the  hole 
with  a  little  benzol,  and  puts  the  whole  for  a  short  time  into  a  stove. 

A  watch-glass  provided  at  the  bottom  with  a  groove  or  trough,  in 
which  small  oljjects  may  be  made  to  collect,  is  described  by  LsFiiVEB, 
Journ.  Ai^p.  Mic.,  v,  1902,  p.  280  (see  Journ.  Boy.  Mic.  Soc,  1903,  p.  233). 

Lauteeboen  (Zeit.  wiss.  Zool.,  lix,  1895,  p.  170)  brings  the  objects 
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through  ehloroium.  u.tu  paraffin  in  a  .njaU  glaB.  l^e,  and  a£i^  «joli^ 
breaks  the  tx.he  and  bo  obtains  a  cylinder  oi  paraffin  xv.th  the  objects 

"'t.^^''^ni,.  Anat,  liv,  1899,  p.  98)  performs  all  the  opendions 
in  a  rfnss  cylinder  (5  cm.  long  and  7  mn..  ^vide),  open  at  bo  h  ends,  but 
moist  parcLent  paper  tied  over  one 

-t^rr;sr^^^^^ 

used  by  clremists;  after  cooling  in  ^vater  the  gelatnr  swells  and  is  easily 

" M™  [ArcU.  .nil.:  Anat,  Ixxx,  Abth.  ii,  1912  p.  85)  employs  .vedgc- 
shaped  capsules  made  by  G.  Pohl,  Schonbauu.,  Be.,  Dantz.g. 
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IMBEDDING  METHODS— rARAPFJN  AND  OTHER.  FUSION  MASSKS. 

138.  Saturation  witli  a  Solvent. — The  first  stage  of  the 
paraffin  method  consists  in  the  saturation  of  the  object  with 
some  substance  which  is  a  solvent  of  paraffin.  The  process 
is  sometimes  called  "  clearing/'  since  many  of  the  substances 
used  for  infiltration  are  also  "  clearing  "  agents. 

The  process  of  saturation  should  be  carefully  performed 
with  well-dehydrated  objects  in  the  manner  described  in 
§  119. 

Saturation  liquids  being  liquids  that  are,  on  the  one  hand, 
miscible  with  alcohol,  and  on  the  other  hand  good  solvents 
of  paraflfin,  are  not  quite  as  numerous  as  could  be  wished. 

According  to  Geaepe  {Chcm.  Cuntralb.,  1906,  p.  874),  at 
20°  C.  petroleum  ether  (1  c.c.)  dissolves  200  mg.  of  paraflfin ; 
chloroform  2^1-6;  benzol  285;  carbon  tetrachloride  317. 
And  according  to  Apathy,  at  20°  0.  benzol  dissolves  8  parts 
per  cent.,  chloroform  10,  toluol  10,  xylol  12,  oil  of  turpen- 
tine 8,  cedar  oil  4  to  6,  bergamot  oil  0-5  to  3,  creosote  and 
clove  oil  hardly  any.  Acetone,  according  to  Mayer,  dissolves 
hardly  any. 

Turpentine  I  do  not  recommend,  because  in  my  experience 
it  is  of  all  others  the  clearing  agent  that  is  the  most  hurtful 
to  delicate  structures. 

Clove  oil  mixes  very  imperfectly  witli  paraffin,  and  quickly 
renderis  tissues  brittle. 

Oil  of  bergamot  mixes  still  more  imperfectly  with 
paraffin. 

Benzol  has  been  recommended  by  Bkass  {Zcil.  iviss.  Mil., 
ii,  1885,  p.  301),  and  is  now  much  used. 

Toluol  (or  toluen)  has  been  recommended  by  IToli-  [Zool, 
Anz.,  1885,  p.  223). 
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Xylol  is  said  by  M.  IlKmENiiAiK  [Kn-n  nnd  Protoplasma, 
p  114)  to  be  a  cause  of  shrinkage  in  cells.  So  ifc  is,  if  you 
Ise  it  to  de.alcohol!se  the  specimens.  But  used  after  o^l  of 
cedar,  or  the  like,  it  is  very  good,  as  it  is  one  of  the  best  of 

solvents  of  paraffin.  _  „f  u 

Chloroform  is  deficient  in  penetrating  power,  so  that  it 
requires  an  excessive  length  of  time  for  clearing  objec  s  of 
any  size ;  and  it  must  be  very  thoroughly  got  nd  of  bj 
evaporation  in  the  paraffin  bath,  or  by  successive  ba^i 
of  paraffin,  as  if  the  least  trace  of  it  remains  m  the  paiaffi 
Led  for  c;tting  it  will  make  it  soft.    The  process  of  remov 
vequires  a  very  long  time,  in  some  cases  days.    It  ought 
therefore  to  be  res^erved  for  small  and  easily  penetrable 
objects. 

Naphtha  has  been  recommended  by  Webstei.  (Joum.  And.  cnul 

""  ffif  Most  wto  Lave  found  it  to  be  much  too  disagreeable  and 
"Z^u^lZ^  for  ordinary  work,  and  .ot  .ecessory  even  for 

^'p'tortetachloride  has  been  recommended  by  Pi^eCnik  (op.  cii  xix. 
IqS^P  ?28)  and  Pkanteb  iiUa.,  p.  329)  on  tbe  ground  of  not  d.ssolvmg 
ont  osrainm-blacliened  fats. 

Mayek  finds  it  no  better  than  benzol. 

As  a  general  thesis,  the  best  of  all  these  are  cedar  oil, 

hpnzol  and  chloroform.  • 
n  J      nn.l  ml  is  according  to  my  continued  experience, 
Cedar-wood  oii  is,  accoiumg  j 

for  the  reasons  stated  by  me  m  Zool.  Mz.,  188o,  p.  o6.3,  tm 
!  !l  work  the  m  bed  clearing  agent  for  paraffin  im- 
S  g  P-et-tls  rapidly,  preserves  delicate  structi.e 
b  tter  l;an  any  clearing  agent  known  to  ^>  ^^^^  ^f^ 
tissues  brittle,  even  though  they  may  be  kept  fo  .eeks  oi 
in  it,  'and  has  the  groat  advantage  tha  if^ t  b  n 

«.firplv  removed  from  the  tissues  m  the  paraffin  bath  it  >mII 

Tof    ri  "y   -l-iv  the  cutting  consistency  o    the  mass; 

•  led ,  ?  fnncy  it  sometimes  improves  it  by  rendering  it  less 

brittle, 
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139.  The  Paraffin  Bath. — The  objects  having  been  duly 
saturated  with  a  solvent,  the  next  ste'p  is  to  substitute 
melted  paraffin  for  the  saturating  medium. 

Some  authors  lay  great  stress  on  the  necessity  ol!  making 
the  passage  from  the  saturating  agent  to  the  jaaraffin  as 
gradual  as  possible,  by  means  of  successive  baths  of  mixtures 
of  solvent  and  paraffin  kept  melted  at  a  low  temperature, 
say  35°  C.  With  oil  of  cedar,  at  all  events,  this  is  not 
necessary.  I  simply  put  the  objects  into  melted  paraffin 
kept  just  at  its  melting-point,  and  keep  them  there  till  they 
are  thoroughly  saturated ;  the  paraffin  being  changed  once 
or  twice  for  fresh  only  if  the  objects  are  sufficiently  volu- 
minous to  have  brought  over  with  them  a  notable  quantity 
of  clearing  agent.  If  the  objects  have  been  for  a  very  long 
time — months  or  years — in  the  cedar  oil,  so  that  this  has 
become  thick,  I  remove  it  partially  or  entirely  by  soaking 
in  xylol  (30  minutes  to  several  hours)  before  putting  into 
the  paraffin.  But  with  fresh  oil  of  cedar  I  find  no  advantage 
in  doing  so. 

Giesbeecht's  method  {Zool.  Ariz.,  1881,  p.  484),  is  as 
follows : — Objects  to  be  imbedded  are  saturated  with 
chloroform,  and  the  chloroform  and  objects  are  gradually 
tvarmed  up  to  the  melting-point  of  the  paraffin  employed, 
and  during  the  warming  small  pieces  of  paraffin  are  by 
degrees  adde^  to  the  chloroform.  So  soon  as  it  is  seen  that 
no  more  bubbles  are  given  off  from  the  objects,  the  addition 
of  paraffin  may  cease,  for  that  is  a  sign  that  the  paraffin 
has  entirely  displaced  the  chloroform  in  the  objects.  This 
di.splaceraent  having  been  a  gradual  one,  the  risk  of  shrinkage 
of  the  tissues  is  reduced  to  a  minimum. 

Mayer  [Grundziige,  Lee  and  Mayer,  1910,  p.  84)  first 
saturates  the  objects  with  benzol,  and  then  adds  to  the 
benzol  some  small  pieces  of  paraffin,  and  lets  them  dissolve 
in  the  cold.  After  several  hours  (up  to  eighteen)  the  whole 
is  brought  in  an  open  vessel  on  to  the  cold  water-bath,  the 
bath  is  then  warmed  gradually  so  as  to  attain  a  temperature 
of  60°  C.  in  about  two  hours,  and  as  fast  as  the  benzol 
evaporates  melted  paraffin  is  added  to  it.  Lastly,  the 
paraffin  is  changed  once  before  the  definitive  imbedding. 
He  rarely  leaves  objects  overnight  in  the  water-bath. 

Apathy  {Mikrotechnik,  pp.  149,  150)  first  clears  loith  oil 
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of  cedar,  then  brings  the  objects  (by  the  process  described 
^  119)  into  a  solution  of  paraffin  in  chloroform  sfituvated  at 
the  temperature  of  the  laboratory.    The  objects  remain  in 
the  chloroform-paraffin  solution  for  from  one  to  three  hours 
without  .varming,  until  all  the  cedar  oil  is  soaked  out  of 
them     The  whole  is  then  warmed  on  the  water-batli  or 
oven  "to  a  few  degrees  above  the  melting-point  of  the  paraffin 
intended  to  be  used  for  imbedding,  and  the  object  is  brought 
into  a  mixture  of  equal  parts  of  paraffin  and  chloroform 
being  suspended  therein  near  the  top  on  a  bridge  made  of 
hardened  filter  paper  (or  in  a  special  apparatus  to  the  same 
end,  not  yet  described).    It  remains  in  this  mixture  at  the 
temperature  of  the  oven,  for  one  to  three  hours,  and  lastly 
is  brought  (still  on  the  paper  bridge  or  m  the  apparatus) 
into  pure  paraffin,  where  it  remains  for  half  an  hour  to  two 

^"dInne  (in  litt.,  1907)  points  out  that  the  objects  ought  oA, 
first  to  be  at  the  bottom  of  the  mixture.  For  this  mixture 
is  not  a  true  solution,  and  the  lower  section  of  the  contents 
of  the  tube  is  comparatively  free  from  paraffin  while  the 
upper  part  is  nearly  pure  paraffin.  He  moves  the  holder 
up  in  the  tube  at  intervals,  and  the  infiltration  proceeds 
gradually  with  the  minimum  risk  of  shrinkage  ^f^'^l 
femoves  the  objects,  on  the  holder,  to  the  top  of  a  tube 

''Zi::teoi  giving  successive  baths  first  of  soft  and 
then  of  hard  paraffin,  which  has  been  frequently  advised, 
n-nnears  to  me  entirely  illusory.  .     .  j 

'itt  important  to  keep  the  paraffin  ci.,-thatis,  protected 
from  vapour  of  water  during  the  bath. 

It  is  still  more  important  to  keep  it  nearly  as  possrUe 
at  melting-point.  If  it  be  heated  for  some  time  to  a  pom 
1:1:  oveVits  normal  melting-poinM/.  ^^^Z^^^^T^t 
rise  and  you  will  end  by  having  a  harder  paraffin  than  joi 
set  out  wilh.  And  as  regards  the  preservation  of  tissues,  of 
Toure  tie  less  they  are  heated  the  better.  <^^es^  as 
well  as  prolonged  heating,  tends,  amongst  other  thmgs,  to 

malce  tissiies  brittle.  nnrnrdino- 

The  duration  of  the  hath  must,  of  course,    ai)  accoicin 
to  the  size  and  nature  of  the  object.    An  embryo  of  2  to  3 
lil  metres  in  thickness  ought  to  be  thoroughly  saturated 
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after  an  hour's  batli,  or  often  loss.  Many  workers  habitually 
give  much  longer  Laths,  I  think  often  longer  than  necessary. 
But  some  objects,  such  as  ova  of  Crustacea,  may  require 
three  or  four  days.  (Heidecke,  Jena.  Zcit.,  xxxviii,  1904, 
p.  506;  Mayer,  Gnuiclziige,  Lee  and  Mayer,  1910,  p.  85; 
Brinkmann,  Mitlh.  Zuol.  Stat.  Neapel,  xvi,  1903,  p.  367, 
three  to  five  days  for  uterus  of  Selachians  :  Mulleb,  Arch, 
iiiihr.  Anat.,  Isix,  1906,  p.  3,  for  lungs  of  mammals;  Peso, 
Esi^erieuze  microtechniche,  Napoli,  1910,  p.  29,  five  to  twelve 
days  for  uterus  and  placenta  of  Homo.)  I  take  as  a  guide, 
generally,  the  length  of  time  the  object  has  taken  to  clear 
in  the  cedar  oil,  assuming  that  the  ■warm  ■  melted  paraffin 
ought  to  penetrate  at  least  as  quickly  as  the  cold  oil  ; 
and  then  allowing  somewhat  longer,  say  as  much  again, 
in  order  to  be  on  the  right  side. 

140.  "Water-baths  and  Ovens. — It  is  important  that  the  paraffin 
should  not  be  exposed  to  a  moist  atmosphere  whilst  it  is  in  tlie  liquid 
state.  If  a  water-bath  be  used  for  keeping  it  at  the  required  tempera- 
ture provision  should  be  made  for  protecting  the  paraffin  from  the  steam 
of  the  heated  water. 

A  very  convenient  apparatus  for  this  pnrpose  is  that  of  Paul  Mayer, 
or  "  Naples  water-bath,"  which  will  be  found  described  at  p.  146  of 
Jowni.  Boy.  Mic.  Soc,  1883,  or  Oaepentek's  The  Microscope,  p.  452. 
An  extremely  simple  stove,  which  anyone  can  make  for  himself,  is 
described  in  Ctnirulhl.  Bald.,  xlv,  1907,  p.  191  (see  Journ.  Boy.  Mic.  Soc, 
1908,  p.  109).  JJor  others,  see  the  price-lists  of  the  instrument  makers, 
especially  Jung,  and  Gktjbler  and  HollbobN;  and  the  descriptions  in 
the  technical  jom-nals. 

141.  Imbedding  in  Vacuo.— There  are  objects  which,  on  account  of 
then-  consistency  or  then*  size,  cannot  be  penetrated  by  paraffin  in  the 
ordinary  way,  even  after  hoiu's  or  days  in  the  Ijath.  For  such  objects 
the  method  of  imbedding  under  a  vacuum  (strictly,  under  diminished 
atmospheric  pressure)  renders  the  greatest  service.  It  not  only  ensures 
complete  penetration  in  a  veiy  short  time— a  few  minutes — but  it  has 
the  further  advantage  of  'preventing  any  falling  in  of  the  tissues,  such  as 
may  easily  happen  with  objects  possessing  internal  cavities  if  it  be 
attempted  to  imljed  them  in  the  ordinary  way.  It  is  realised  by  means 
of  any  ai-rangement  that  will  allow  of  keeping  paraffin  melted  under  a 
vacuum. 

That  of  Hoffmann  is  described  and  figured  at  p.  230  of  Zool.  Anz., 
1884.  In  this  arrangement  the  vacuum  is  produced  by  means  of  a 
pueaimatic  water  aspiration  pump,  the  vessel  containing  the  paraffin 
being  placed  in  a  desiccator  heated  by  a  water  bath  and  furnished  with 
a  tube  that  brings  it  into  communication  with  the  suction  apparatus. 
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EiiANCOTTE  {Bull.  Soc.  JMtj.  Mic,  1884,  p.  45)  produces  the  requisite 
vacuum  1)y  the  coudeusation  of  steam. 

FoL  {Lehrb.,  p.  121)  employs  the  vacuum  apparatus  of  Hoffmaim,  hut 
simplifies  the  arraugemeut  for  coutaiuiug  the  paraffin.  The  paraffin  is 
contained  in  a  stout  test-tuhe  fvu-nished  with  a  ruhljer  stopper  traversed 
by  a  tube  that  puts  it  into  communication  with  the  pump.  The  lower 
end  of  the  test-tube  dips  into  a  water  bath.  Tou  pump  out  the  air  once 
or  twice,  wait  a  few  minutes,  then  turn  out  the  object  with  the  paraffin 
(which  by  this  time  will  have  become  abnormally  hard),  and  re-imbed  m 
fresh  paraffin. 

See  also  Pbinglk,  in  Journ.  Fulh.  and  Bacturiol.,  1892,  p.  117;  or 
Joimi.  Boy.  Mic.  Soc,  1892,  p.  893  ;  Kolstbe,  in  Zeit.  wlss.  Mil:.,  xviii, 
imi,  p.  170;  Bekg,  Zcit.  loiiss.  Mile,  xxvi,  1909,  p.  209;  Puhkmann, 
ibicl  xxi,  1901,  p.  462 ;  Kolmer  and  Wolff,  ibid.,  xix,  1902,  p.  148 ; 
Gemmill,  Journ.  Boy.  Mic.  Soc,  1911,  p.  26. 

142.  Imbedding  and  Orientation.— soon  as  the  objects  are 
thoronghly  saturated  with  paraffin  they  should  be  ivihedded 
by  one  of  the  methods  given  above  (§  137),  and  the  paraffin 
cooled  as  described  next  §. 

But  it  may  be  desirable  to  have  the  object  fixed  in  the 
cooled  paraffin  in  a  precisely  arranged  position,  and,  above 
all,  in  a  precisely  marked  position.     Very  small  objects  may 
be  oriented  as  follows  :— The  object  is  removed  from  the 
melted  paraffin,  and  placed  on  a  cylinder  of  solid  paraffin. 
A  needle  or  piece  of  stout  iron  wire  is  now  heated  m  the 
flame  of  a  lamp,  and  with  it  a  hole  is  melted  in  the  end  of 
the   cylinder  ;   the   specimen  is  pushed  into   the  melted 
paraffin,  and  placed  in  any  desired  position.    The  advan- 
tages of  the  method  lie  in  the  quickness  and  certainty  with 
which  it  can  be  performed.     In  using  the  needle  it  is 
important  to  melt  as  little  paraffin  as  possiUe  at  one  time,  \u 
order  that  that  which  is  melted  may  cool  again  as  rapidly 
as  possible. 

Kerk  {Quart.  Journ.  Micr.  Sc.,  xlv,  1901,  p.  4)  employs 
an  electrically  heated  needle. 

The  method  of  Patten  {Zeit.  wiss.  Mile,  xi,  1894,  p.  13)  is  useful 
when  one  desires  to  orient  lai-ge  numbers  of  small  objects.  You  get 
some  wi-iting  paper  of  the  sort  that  is  made  with  two  sets  of  raised 
pai-allel  lines  rumiiiig  at  right  angles  to  each  other  ("  Imeu  cloth  paper 
Small  strips  ai-e  cut  from  tliis,  and  at  suitable  intervals  along  them  small 
drops  of  a  mixture  of  collodion  and  clove  oil,  of  about  the  consistency  of 
thick  honey,  are  arranged  close  together  along  one  of  the  ribs  that  run 
lengthwise.   The  objects  to  be  imbedded  tu-e  cleared  m  clove  oil  or  oil  ot 
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l)ergamot.  Tliey  are  taken  one  by  one  on  the  point  of  a  knife,  and  after 
the  excess  of  oil  has  l)een  drawn  ofE,  are  transferred  each  to  a  drop  ot 
the  collodion  mixture,  in  which  tliey  will  stay  in  any  required  position. 
When  half  a  dozen  or  more  objects  have  been  oriented  in  reference  to 
the  cross  lines  (which  are  to  be  parallel  to  the  section  planes)  the  whole 
thing  is  placed  in  turpentine.  This  washes  out  the  clove  oil  and  fixes 
the  objects  very  firmly  to  the  paper.  The  paper  with  the  attached 
objects  is  now  passed  through  the  bath  of  parafiin  and  imbedded  m  the 
usual  way.  After  cooling  on  water  the  block  is  trimmed  and  the  paper 
peeled  off,  leaving  the  objects  in  the  paraffin  close  to  the  under-surface 
of  the  block.  This  surface  is  now  seen  to  be  marked  by  the  orientmg 
lines  of  the  ribbed  paper,  and  also  by  any  record  numbers  which  may 
before  imbedding  have  been  written  with  a  soft  pencil  on  the  paper. 

Knowbn  (Jom;i.  Morph.,  xvi,  1900,  p.  507)  takes  smooth  paper  and 
engraves  parallel  lines  on  it  with  a  needle,  and  takes  xylol  instead  of 
tiu-pentine. 

A  somewhat  more  complicated  form  of  this  process  has  been 
described  by  Woodwobth,  Bull.  Mus.  Comp.  Zool,  xxxviii,  vol.  xxv, 
1893,  p.  45. 

A  similar  process  has  also  been  described  by  Field  and  Maktin  m 
Zeit.  wiss.  Mile,  xi,  1891,  p.  11,  small  strips  of  gelatin  being  vised  instead 
of  paper. 

Mayee  also  {Gh-imdziige,  Lee  and  Mayer,  1910,  p.  89)  takes  strips  of 
photogi-apliic  gelatin,  and  lets  the  collodion  set  in  benzol. 

Hoffmann  (Zeit.  iviss.  Milt.,  xv,  1899,  p.  312,  and  xvii,  1901,  p.  443) 
takes,  instead  of  the  ribbed  paper,  glass  slips  ruled  with  a  diamond,  and 
completely  imbeds  the  objects  in  large  drops  of  clove  oil  collodion 
(eiiual  parts),  allowed  to  stand  for  twenty-four  hom-s  in  an  open  vessel. 
The  drops  are  caused  to  set  in  xylol.  See  also  Samteb,  ihid.,  xiii,  1897, 
p.  441 ;  JoBDAN,  ihid.,  xvi,  1899,  p.  83  ;  and  Peteb,  Verli.  Anat.  Ges., 
xiii  Vers.,  189'9,  p.  134. 

Entz  (Arch.  Frotistenk.,  xv,  1909,  p.  98)  orients  in  clove  oil  collodion 
on  a  cover-  glass  coated  with  paraffin,  and  puts  the  whole  into  chloroform 
in  which  the  mixture  sets  into  a  sheet  which  can  be  detached. 

Denne  (Joiirii.  AppL  Mic,  iii,  1902,  p.  888)  imbeds  on  disks  of  paper 
held  at  the  bottom  of  glass  tubes  containing  the  paraffin  by  bent  wires, 
by  means  of  which  a  cylinder  of  paraffin  containing  the  object  may  be 
lifted  out  as  soon  as  cool. 

Wilson  (Zeit.  wiss.  Mile,  xvii,  1900,  p.  169)  makes  orientation  lines  by 
imbedding  alongside  the  objects  strands  of  osmium-blackened  nei-ve- 
fibres.  See  also  a  further  development  by  Wilson,  ibid.,  xxvii,  1910, 
pp.  228  and  231. 


143.  Cooling  the  Mass.— Whatever  method  of  imbedding 
iuid  orientation  in  the  molten  paraffin  has  been  employed, 
the  important  point  now  to  be  attended  to  is  that  the 'i>araf]iiL 
be  coolad  ra'pidly.     The  object  of  this  is  to  prevent  crystalli- 
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satioii  of  the  paralliii  (wliicli  may  liappcn  il'  it  bo  allowuil  to 
cool  slowly)  and  to  get  as  liomogeiieous  a  mass  as  possible. 

IE  tlio  deliiiitive  imbedding  lias  been  done  in  a  Avatcli- 
glasSj  hold  it  on  the  top  of  cold  water  nntil  all  the  paraffin 
has  solidified,  and  then  let  it  sink  to  the  bottom.  When 
thoronghly  cool,  cut  out  blocks  containing  the  objects.  If 
the  watch-glass  has  been  smeared  with  a  drop  of  a  mixture 
of  equal  pai-ts  of  glycerine  and  water  before  putting  the 
paraffin  into  it,  the  solidified  paraffin  will  generally  detach 
itself  in  a  single  cake  and  float  up  in  a  few  minutes,  or 
hours  at  any  rate.  Do  not  attempt  to  remove  it  entire 
by  warming  the  bottom  of  the  watch-glass.  Similarly  with 
the  paper  trays  or  metal  imbedding  boxes.  Or  you  may 
put  them  to  cool  on  a  cold  slab  of  metal  or  stone. 

Selbnka  cools  tlie  mass  by  passing  a  stream  of  cool  water  tlu-ougli 
tlie  imbedding  tube  described  above  (§  137).  Mayer  cools  the  mass  in 
the  paraffin-tight  moulds  (§  137)  by  passing  cold  water  tlu'ough  a  special 
movable  water-bath,  which  allows  of  the  arrangement  of  the  ohjects  by 
transmitted  light  under  a  dissecting  microscope,  see  Mitth.  Zuol.  Skd. 
Neajpel,  iv,  1883,  p.  429  ;  Intern.  Monatsschr.  Anat.  Hist.,  iv,  1887,  p.  39. 
A  complicated  apparatus  for  the  same  purpose  is  described  by  Meissnek 
{Zeit.  wiss.  Mile,  xviii,  1902,  p.  286).  Similarly,  Hahn,  ibid.,  xxv,  1908, 
p.  184,  and  Kappbes,  ibid.,  xxiv,  1907,  p.  254. 

The  paraffin  blocks  witb  the  objects  are  now  mounted  on 
the  carrier  of  the  microtome  in  position  for  cutting,  and 
pared  to  the  proper  shape  (next  §).  If  any  bubbles  or 
cavities  or  opaque  spots  be  present,  prick  with  a  heated 
needle  till  all  is  siaiooth  and  homogeneous.  The  same  should 
be  done  if  any  cavities  present  themselves  in  the  course  of 
cutting.     In  bad  cases,  re-imbed. 

144.  Shape  and  Orientation  of  the  Block  of  Mass  to  be  cut.— 

These  differ  accordingly  as  the  cutting  is  done  with  a  slanting 
knife  or  a  square-set  knife  (see  next  §).  In  the  first  case, 
the  block  is  best  trimmed  to  a  three-sided  prism,  and 
orientated  as  in  Fig.  4,  so  that  the  knife  enters  it  at  the 
angle  a  and  leaves  it  at  the  angle  c.  When  the  section  is 
cut  it  will  adhere  to  the  knife  only  by  the  angle  c,  and  can 
thus  most  readily  be  removed  by  means  of  a  brush  or  needle. 
The  object  itself  should  come  to  lie  in  the  block  close  to  the 
line  h  c,  so  that  the  knife  at  first  cuts  only  paraffin,  and 
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tliat  if  the  section  begins  to  roll  it  niiiy  be  Oiuig]it  ;i,nd  held 
down  by  a  brusli  or  section-stretcher  before  the  object  itsell' 
is  readied.  For  tlie  sqnare-set  knife  the  block  is  best 
trimmed  to  a  four-sided  prism,  and  orientated  as  in  the  first 
case,  so  that  the  knife  first  touches  one  angle,  if  only 
isolated  sections  are  to  be  cut.  But  if  rihhonn  (§  148)  are 
to  be  cut,  the  block  must  be  orientated  with  one  of  its  sides 
parallel  to  the  knife-edge,  and  the  opposite  side  must  be 
sti'ictly  parallel  to  this  one. 

An  object  which  is  not  approximately  isodiametrical  but 
gives  a  section  which  is  wider  in  one  direction  than  another 
should  be  orientated  end  on,  that  is,  so  as  to  present  its 
naiTowest   diameter  to  the  knife-edge :   for  it  is  in  this 
position  that  it  will  offer  the  least  re- 
sistance to  the  blade,  and  tend  the  least 
to  make  the  edge  bend  away  or  dig  into 
it.     This  is   specially  important  witli 
longitudinal  sections  of  worms,  Amphi- 
oxus,  embryos  of  vertebrates,  and  the  ' 
like.    Most  especially  with  a  square-set 
knife  should  the  narrowest  diameter  of  \ 
the  object  be  presented  to  the  knife ;  ^ 
and  only  when  the  object  is  particularly 
hard,  or  otherwise  difficult  to  cut,  should  j'lo  4, 

it  be  turned  39  as  not  to  let  the  whole 

of  that  diameter  be  attacked  at  once  by  the  knife,  but  only 
a  corner  of  it.  And  as  far  as  possible  arrange  tluit  the 
hardest  part  of  an  object  be  the  last  to  be  touched  by  the 
knife. 

For  Noack's  simple  apparatus  for  accurately  orientating 
small  blocks,  see  Zeit.  loiss.  Mile,  xv,  1899,  p.  438,  or  Joiirn. 
Roy.  Mic.  Soc,  132,  1899,  p.  .550. 

For  Eternod's  macMne  for  trimming  blocks  to  true  cubes,  see  Zeit. 
iviss.  Mile,  XV,  p.  421,  and  for  that  of  Schaffee,  ibid.,  xvi,  1900,  p.  417. 

145.  Knife  Position.— The  position  to  be  given  to  the  knife 
may  be  considered  under  two  heads,  viz.  its  dant  and  its  tilt. 

By  the  slant  of  the  knife  is  meant  the  angle  that  its  edge 
makes  with  the  line  of  section  :  that  is  with  the  line  along 
which  it  is  drawn  through  the  object  (or  along  which  the 
object  moves  across  it  in  the  case  of  microtomes  with  lixed 
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knives).  The  position  is  tra,i.verse  when  the  edge  makes  a,, 
ano-lo  of  9U°  with  the  line  of  section,  o.  tl>e  kn.ie  .u  that 
caS.  is  said  to  be  set  .nuare.  It  is  Mi^iue  or  ^U..,  .hon 
it  makes  a  su.allev  angle  with  that  hue.  'Hie  ditte.enoe 
between  the  efed  of  the  two  positions  tha  the  obhque 
position  allorcls  a  more  aoute-a.gled  wedge  than  the  transverse 

"'it  does  so  for  the  following  reasons  :-Neglecting  for  the 
nroment  the  distinction  between  the  -;ttu.g-  aeets  and  h 

surfaces  of  the  blade  (which  are  d,s^tn,ct  --^^'y  .^^^    \^  ^ 
1      fl,P  «nmp  ano-lel  *  it  is  clear  that  the  knite 
ivp  not  "•round  to  tlie  same  auj^n^j, 

Tent:  wedge,  the  angle  of  which  ^^^^^^^^^^'Z 
between  the  height  of  its  base  and  the  distance  i  om  the 
basl  to  the  edgr.    With  the  same  base  the  ai^le  becoines 
more  acute  the  greater  the  distance  ironi  edge  to  base 
N  w  by  '  anting  le  knife  we  can  effect  what  .s  equivalent 
fo  an  increase  I  the  distance  from  edge  to  ^^-^ ;  foj- we  can 
thus  increase  the  distance  between  the  pom    of  the  ed  e 
which  first  touches  the  object,  and  the  point  of  t  e  bac 
7s      tly  of  the  back  edge  of  the  under  cuttmg-facet  which 
;  Ses  it.    When  the  knife  is  set  t--ersely    he  line 
^lono-  which  any  point  of  it  traverses  the  object  is  lie 
hortesrpossibJfi'om  edge  to  base  of  the  w^^ge  andj^b 
\r  r      Loh^  of  wedo-e  is  the  least  acute  obtamable  witli 
£k  i^'  Bi^  i^f?;  set  as  obliquely  as  possible,  the  line 
Ing  wh  ch  any  point  of  it  traverses  the  object  traverses  the 
Sf'om  heel  to  toe,  that  is,  along  the  greatest  poss.b 
stance  from  edge  to  base,  and  therefore  alfords  pracUcally 
'  ^1  in^re  acute-angled  wedge  than  in  ^^^^^^^ 
on  nf  course  for  intermediate  positions.    (See  the  steieo 
ri  conru'ctio..  of  t,..e  .*Ho,.  b, 

U^.    ni,d  also  w  th  more  instructive  ngures, 
"Uet;  2  B.de„tu„g  ies  MesseAaUe^s  in  de. 

the  .ipper  and  lower  outtmg-taet., ^„a  lower 
,„„1,,  the  ontting-edge,  and  l'«'«»^J„  °  taives 

s^x:^ti<s:;r Ti:^izi£^^ 
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hiinjischen  Muxeumveveinn,  Bd.  xix,  Heft  7,  p.  1  (Kolozsviir, 
1897,  A.  K.  Ajfcai). 

For  honing  knives  see  Ssobolew,  Zeit.  wiss.  Mile,  xxvi,  1909,  p.  65 ; 
Lendvai,  ibid.,  p.  203 ;  Funck,  ibid.,  xxvii,  1910,  p.  75. 

Very  large  objects  are  best  cut  with  the  slanting  knife, 
and  so  are  all  objects  of  very  heterogeneous  consistency, 
such  as  tissues  that  contain  much  ehitin  or  much  muscular 
tissue  ;  and  better  with  a  slowly  working  sliding  microtome 
than  with  a  quick- vvorkiug  Rocker  or  the  like.  Soft  masses 
such  as  gelatin  or  celloidin  cut  wet,  can  only  be  cut  with  the 
slanting  knife.  The  slanting  position  causes  less  compression 
of  sections  than  the  transverse  one.  It  has  the  defect  of 
producing  rolling  in  paraffin  sections  more  easily  than  the 
transverse  position.  The  latter  is  the  proper  position  for 
cutting  rihhon.'i  of  sections  from  paraffin. 

By  the  (ilt  of  the  knife  is  meant  the  angle  that  a  plane 
passing  tlirongh  its  back  and  edge  makes  with  the  plane  of 
section  :  or,  practically,  the  greater  or  less  degree  of  eleva- 
tion of  the  back  above  the  edge  (it  is  not  to  be  confounded 
with  the  inclination  of  the  long  axis  of  the  knife  to  the 
horizon  ;  any  accidental  inclination  that  this  may  have  is  a 
matter  of  no  moment). 

The  question  of  the  proper  tilt  to  be  given  to  the  knife 
under  different  circumstances  has  been  investigated  by 
Apathy,  loc.  cit.  siijira.  He  concludes — (I)  The  knife  should 
always  be  tilted  somewhat  more  than  enough  to  bring 
the  back  of  the  under  cutting-facet  clear  of  the  object. 
(2)  It  should  in  general  be  less  tilted  for  hard  and  brittle 
objects  than  for  soft  ones  ;  therefore,  cmteris  parilms,  less  for 
paraffin  than  for  celloidin.  (3)  The  extent  of  useful  tilt 
varies  between  0°  and  16°  or  occasionally  20°.  (4)  Exces- 
sive tilt  causes  rifts  (longitudinal)  in  the  paraffin,  also 
furrows  that  in  bad  cases  split  up  the  section  into  narrow 
ribbons.  It  also  makes  sections  roll.  Also  it  may  cause 
the  knife  not  to  bite,  thus  causing  sections  to  be  missed.  Or 
it  may  give  an  undulatory  surface  to  the  sections,  owing  to 
vibrations  set  up  in  the  knife,  which  may  be  heard  as  a  deep 
humming  tone.  Further,  I  would  add,  excessive  tilt  may 
cause  the  knife  to  act  as  a  scraper,  carrying  away  portions 
of  tissue  bodily  from  their  places.     Excessive  tilt  may  often 
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bo  vecogiiiHL'd  by  Llie  kiiifu  giving  ont  ii,  sliurt  inelallic  sonnd 
just  as  it  leaves  the  object.  For  knives  with  plane  unilev- 
suvfaces  it  is  seldom  advisable  to  give  less  than  iO""  tilt. 
Knives  with  concave  uudcr-surfaccs,  on  the  contraiy,  may 
require  to  be  placed  almost  horizontal.  Jung's  knife-holders 
give  mostly  a  tilt  of  about  9°,  which  is  only  enough  for 
cutting  ribbons  with  hard  paraffin. 

A  knife  with  too  little  tilt  will  often  cut  a  second  section, 
or  fragments  of  one,  without  the  object  being  raised,  showing 
that  during  the  first  cut  the  object  was  pressed  down  by  the 
knife,  and  recovered  itself  afterwards.  Tiiis  fault  is  denoted 
by  the  ringing  tone  given  out  by  the  knife  on  passing  hach 
over  the  object  before  the  latter  is  raised.  Such  a  knife 
gives  out  a  dull  rattling  sound  whilst  cutting.  Too  little 
tilt  causes  folding  or  puckering  of  sections,  and  does  not 
allow  of  the  cutting  of  the  thinnest  possible  sections,  as  the 
edge  does  not  bite  enough.  It  is  thus  frequently  a  cause 
of  sections  being  missed,  or  coming  off  thicker  at  one  end 
than  the  other. 

A  slanting  knife  should  have  more  tilt  given  to  it  than  a 

square-set  one. 

Ribbon  section-cutting  (§  148)  requires  a  relatively  hard 
paraffin  and  less  tilt.  With  celloidin  it  is  very  important 
to  avoid  insufficient  tilt,  as  the  elastic  celloidin  yields  before 
an  insufficiently  tilted  knife  and  is  not  cut. 

The  tilt  of  the  knife  is  given  to  a  certain  extent  by  the 
knife-holder  sold  with  the  microtome.     With  plane-concave 
knives  it  can  be  regulated  to  a  certain  extent  by  simply 
turnino-  the  blade  over.    It  is  more  accurately  regulated  by 
means'of  mechanical  contrivances,  of  which  the  most  simple 
are  the  horseshoe-shaped  wedges  of  NiiUMAYER  (see  Jungs 
price-list).     A  pair  of  these,  each  ground  to  the  same  aug  e, 
is  taken,  and  one  of  them  placed  (thin  end  towards  the 
operator)    under,  and  the   other  (thick  end  towards  the 
operator)    over,    the    clamping-arm    of    the  knife-holder. 
Three  pairs,  having  different  degrees  of  pitch,  are  supplied, 
and  are  sufficient  for  most  work.     Other  contrivances  to  the 
same  end  consist  of  knife-holders  that  permit  of  rotating 
the  knife  on  its  long  axis,  and,  though  more  costly,  wdl  be 
found  a  great  convenience  where  much  section-cutting  has 
to  be  done.     For  these  see  Jung's  price-list,  and  various 
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recent  papei's  in  Zeit.  wiss.  Mile,  also  that  of  Apath  y,  in  tlie 
paper  quoted  above  (very  complicated),  and  especially  the 
description  of  the  two  latest  of  Jnng,  viz.  his  model  I  and 
model  n,  by  Mayee  and  Schoebel,  in  Zeit.  wiss.  Mile,  xvi, 
1899,  p.  29  (see  figure  of  model  /  in  Joiorn.  Roy.  Mic.  Soc, 
132,  1899,  p.  546).  Also  Cabpbntee's  The  Microscope, 
p.  4G3. 

146.  Cutting  and  Section-stretching. — Paraffin  sections  are 
cut  dry, — that  is,  with  a  knife  not  moistened  with  alcohol  or 
other  liquid.  By  this  means  better  sections  are  obtained,  but 
a  difficulty  generally  arises  owing  to  the  tendency  of  sections 
so  cut  to  curl  up  on  the  blade  of  the  knife.  It  is  sometimes 
difficult  by  any  means  to  unroll  a  thin  section  that  has  curled. 
To  prevent  sections  from  rolling,  the  following  points  should 
be  attended  to. 

J'irst  and  foremost,  the  pai'affin  vmst  not  he  too  hard, 
see  §  151. 

If,  after  cutting  has  begun,  the  paraffin  be  found  to  be  too  hard,  it 
may  be  softened  hj  placing  a  lamp  near  the  imbedded  object.  But 
then,  the  paraffin  Tjeing  warmed  most  on  the  side  nearest  the  lamp, 
becomes  softer  on  that  side,  and  the  sections  have  a  tendency  to  become 
compressed  and  puckered-in  on  that  side. 

If,  on  the  contrary,  the  paraffin  be  found  too  soft,  it  may  be  hardened 
by  exposing  it  to  the  cooling  influence  of  a  kimp  of  ice. 

It  is  often  suficient  to  moderate  the  temperature  of  the  room  by 
opening  or  closing  the  window,  stining  the  fire,  setting  up  a  screen,  or 
the  like. 

For  other  devices  for  warming  or  cooling  the  paraffin  see  Held,  Arch. 
Anat.  PJiys.,  Anat.  Ahth.,  1897,  p.  31-5 ;  tan  Walsem,  Zeit.  wiss.  Mile, 
xi,  1894,  p.  218;  Lbndbnfeld,  ibid.,  xviii,  1901,  p.  18;  Krause,  ibid., 
XXV,  1908,  p.  299 ;  Foot  and  Strobell,  Biol.  Bull.  Wood's  Role,  ix,  1905 
p.  281. 

Secondly,  the  knife  should  be  set  square,  for  the  oblique 
position  encourages  rolling,  and  the  more  the  knife  is  oblique 
the  more  do  the  sections  roll. 

Thirdly,  it  is  better  to  cut  ribbons  than  disconnected  sec- 
tions ;  ribbons  of  sections  will  often  cut  flat,  when  the  same 
mass  will  only  give  rolled  sections  if  cut  disconnectedly. 

Rolling  may  often  be  lessened  or  suppressed  by  cutting 
the  sections  thinner. 
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Mechanical  me&m  may  bo  employed.    The  simplest  of 
these  is  as  follows  : 

Daring  the  cutting  the  edge  of  the  section  that  begins  to 
curl  is  caught  and  held  down  on  the  blade  of  the  kuife  by 
means  of  a  small  camel-hair  brush  with  a  flat  point,  or  by  a 
small  spatula  made  by  running  a  piece  of  paper  on  to  the 
back  of  a  scalpel.     Or,  which  is  much  better,  the  section  is 
held  down  by  means  of  an  instrument  called  a  "section- 
stretcher."    This   consists  essentially  of  a  little  metallic 
roller  suspended  over  the  object  to  be  cut  in  such  a  way  as 
to  rest  on  its  free  surface  with  a  pressure  that  can  be 
delicately  regulated  so  as  to  be  sufficient  to  keep  the  section 
flat  without  in  any  way  hindering  the  knife  from  gliding 
beneath  it. 

See  tlie  descriptions  of  various  forms  of  section-stretcliers,  Zool. 
Anzeig  ,  vol.  vi,  1883,  p.  100  (Schultze)  ;  MiWi.  Zool.  Stat.  Neapel,  iv, 
1883  p  429  (Matee,  Andbes,  and  Giesbbecht)  ;  Arch,  viilc.  Anat., 
xxiii'  1884  p  537  (Decree)  ;  Bidl.  Soc.  Belg.  Mic,  x,  1883,  p.  55  (Fean- 
coTTE)  ■  The  Microscope,  February,  1884  (Gage  and  Smith)  ;  Whit- 
man's ki7i.  in  Mic.  Anat.,  1885,  p.  91 ;  Zeit.  wiss.  Mile,  iv,  1887  p.  218 
(Steassee)  ;  ibid.,  X,  1893,  p.  157  (Boen).  The  best  are  those  of  Mayer 
and  Born. 

I  find  that  Mayer's,  beautifully  made  by  Jung,  works 
admirably  and  is  most  valuable.  „  ,      ,        ^  i 

Another  plan  is  to  allow  the  sections  to  roll,  but  to  control 
the  rolling.  To  this  end,  the  block  of  paraffin  is  pared  to  the 
shape  of  a  wedge  five  or  six  times  as  long  as  broad,  the 
obiect  being  contained  in  the  broad  part,  and  the  edge 
tuined  towards  the  knife  (see  Fig.  4).  The  sections  are 
allowed  to  roll  and  come  off  as  coils,  the  section  of  he  object 
lying  in  the  outermost  coil,  which  will  be  found  to  be  a  very 
open  one-indeed,  very  nearly  flat.  Lay  the  coil  on  a  slide 
with  this  end  downwards,  warm  gently,  and  the  part  con- 
taining the  object  ^ill  unroll  completely  and  lie  quite  flat. 

AnL  (GlLdole  dnodenali,  Napoli,  1903,  p  51)  and 
Vastariki-Ceesi  {Mon.  Zool.  Ital.,  1906,  p.  164)  lay  a  strip 
of  wet  filter-paper  on  the  block. 

A  defect  opposite  to  that  of  the  rolling  of  sections  is  the 
cov^pression  and  the  crumpling  or  puckering  of  sec  ions 
indicating  that  the  paraffin  has  been  compressed  by  the  knife 
illLad  !f  being  nierely  cut  true  by  it.     Such  sections. 
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besides  sliowing  creases  or  folds,  liave  n,  smaller  area  than 
that  of  the  block  from  which  they  are  cut.  This  is  a  bad 
fault,  for  the  compression  may  obliterate  important  cavities 
or  efface  important  limits  between  cell-layers,  etc.  It  may 
be  caused  by  a  badly  cutting  knife,  and  is  very  easily  caused 
by  the  paraffin  being  too  soft.  To  prevent  it,  correct  the 
knife  or  cool  the  paraffin,  or  re-imbed  in  harder  paraffin. 

Vei-y  large  sections  tend  to  form  folds  on  the  hnife,  and  are  difficult  to 
remove  from  it.  Mateb  [Grundznge,  Lee  and  Mayer,  p.  94)  gets 
them  to  wrap  themselves  roimd  a  glass  or  gelatin  tube  laid  on  the  block 
just  in  front  of  the  knife-edge  and  rolled  forwards  as  it  progresses. 
When  cut,  the  section  is  rolled  off  on  to  the  surface  of  water. 

147.  Cutting  Brittle  Ohjects  (CoUodionisation).— Some  objects 
are  by  nature  so  brittle  that  they  break  or  crumble  before 
the  knife,  or  furnish  sections  so  friable  that  it  is  impossible 
to  mount  them  in  the  ordinary  way.  Ova  are  frequently  in 
this  case.  A  remedy  for  this  state  of  things  consists  in 
covering  the  exposed  surface  of  the  object  just  before  cut- 
ting each  section  with  a  thin  layer  of  collodion,  which  serves 
to  hold  together  the  loose  parts;  and  will  enable  the 
operator  to  cut  sections  considerahJy  thinner  than  can  be 
obtained  in  the  usual  way. 

The  primitive  form  of  the  process  was  to  place  a  drop  of 
collodion  on  the  free  surface  of  each  section  just  before 
cutting  it.  But  this  practice  has  two  defects  ;  the  quantity 
of  collodion  employed  sensibly  softens  the  paraffin,  and  the 
thick  layer  of  collodion  when  dry  causes  the  sections  to  roll. 

Mark  {Amer.  Natural.,  1885,  p.  628 ;  cf.  Jaurn.  Roy.  Mic. 
Soc,  1885,  p.  738)  gives  the  following  dii-ections  : 

"  Have  ready  a  little  very  fluid  collodion  in  a  small  bottle, 
through  the  cork  of  which  passes  a  smnll  camel-hair  brush, 
which  just  dips  into  the  collodion  with  its  tip.  The  collodion 
should  be  of  such  a.  consistency  that  when  applied  in  a  thin 
layer  to  a  surface  of  paraffin  it  dries  in  two  or  three  seconds 
without  leaving  a  shiny  surface.  It  must  be  diluted  with 
ether  as  soon  as  it  begins  to  show  signs  of  doing  so. 

"  Take  the  brush  out  of  the  collodion,  wipe  it  against  the 
neck  of  the  bottle,  so  as  to  have  it  merely  moist  with  collodion, 
and  quickly  pass  it  over  the  free  surface  of  the  preparation. 
Care  must  be  taken  not  to  let  the  collodion  touch  the  vertical 
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surfaces  of  the  pavafTin,  especially  not  the  one  which  is  tui-ned 
towards  the  operator,  as  that  will  probably  cause  the  section 
to  become  stuck  to  the  edge  or  under-surface  of  the  knife. 
As  soon  as  the  collodion  is  dry,  which  ought  to  be  in  two  or 
three  seconds,  cut  the  section,  withdraw  the  knife,  and  pass 
the  collodion  brush  over  the  newly  exposed  surface  ot  the 
paraffin.    Whilst  this  last  layer  of  collodion  is  drying,  take 
up  the  section  from  the  knife  and  place  it  with  the  collodion- 
ised  surface  downwards  on  a  slide  prepared  with  fixative  ot 
Schaellibaum.     Then  cut  the  second  section,  and  repeat  the 
manipulations  just  described  in  the  same  order." 

Henking  {Zeit.  wiss.  MiK  in,  1886,  p.  478)  takes  instead  of  collodion 
a  solution  of  narafn  in  absolute  alcohol. 

For  extrenfely  iUle  objects,  such  as  ova  of  Phalangida,  he  recom- 
mends a  thin  (liQ-ht  yellow)  solution  of  shellac  m  absolute  alcohol 

Mile  viii  1892,  p. "509)  employs  a  solution  made  by  mmng  a  solution  ot 
'^:Z:Uc  in  ether,  of  a  synW  consistency  -th  -  eqiij^vob^me  of 
collodion,  and  diluting  the  mixture  with  ether  until  quite  tlim  and 

Rabl  iihicl.,  xi,  2, 1894,  p.  170)  employs  superheated  paraffi^n  (of  about 
100°  0  )     This  has  the  advantage  of  filling  up  any  cavities  there  may  be 
in  the  objects,  and  also  of  preventing  the  sections  from  r^''"'!?- 
plicated  development  of  tliis  process  is  described  by  Lekbekpei^b  m 

Zeit.  wiss.  Mile,  xviii,  1901,  p.  18.  ^^Infinn  of 

AFiTHT  {Milcrotechnih,  p.  183)  employs  a  1  per  cent,  ^ol^^^ion  ot 
celToidin,  allows  the  sections  to  roll,  and  um-olls  them  by  the  watex- 

n':Zl'iz!it.  ..iss.  Mile.)  adds  5  drops  of  oil  of  cedar  to  15  c.c.  of  the 
solution  of  celloidin,  and  finds  that  rolling  is  prevented. 

148  Ribbon  Section-cutting.-If  a  series  of  paraffin  sections 
be  cut  in  succession  and  not  removed  from  the  knife  one  by 
one  as  cut,  but  allowed  to  lie  undisturbed  on  the  blade  it 
not  unfrequently  happens  that  they  adhere  to  one  another 
by  the  edges  so  as  to  form  a  chain  or  ribbon  which  may  be 
taken  up  and  transferred  to  a  slide  without  breaking  up, 
thus  greatly  lightening  the  labour  of  mouuting  a  series^^ 
For  the  production  of  a  ribbon,  the  paraffin  must  be  ot  a 
melting-point  having  the  right  relation  to  tj- te-pe-  -e  o 
the  laboratory,  see  §  161.     Secondly,  the  kn^e  sUouUl  he  set^ 
Zare     Thirdly,  the  block  of  paraflin  should  be  trimmed  so 
T  present  a    raight  edge  parallel  to  the  knife  edge  ;  and 
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the  opposite  edge  should  also  be  pai'allel  to  this.  It  is  by- 
no  means  necessary  to  have  recourse  to  special  mechanical 
contrivances,  as  in  the  so-called  ribbon  microtomes ;  the 
Thoraa  microtome  is  sufficient.  But  the  automatic  microtomeSj 
and  amongst  them  the  Cambridge  Rocking  Microtome  and 
the  Minot,  are  certainly  most  advantageous  for  this  purpose. 

If  the  paraffin  is  very  hard,  it  is  necessary  for  sections  of 
10  /I,  and  advisable  for  thinner  ones,  to  coat  the  block  with 
softer  paraffin.  To  do  this,  take  paraffin  oE  about  40°  C. 
melting-point,  melt  it,  heat  it  to  about  80°  on  the  water- 
bath,  dip  the  block  into  it  for  an  instant,  and  rapidly  turn 
it  over  so  that  the  fluid  paraffin  may  run  down  away  from 
the  top  part  as  much  as  possible.  Allow  it  to  cool,  and  pare 
away  again  the  soft  paraffin  from  the  two  sides  that  are  not 
to  be  arranged  parallel  to  the  knife.  Or,  as  I  frequently 
prefer,  simply  plaster  a  wall  of  soft  paraffin  (superheated) 
on  to  the  fore  and  aft  faces  of  the  block  with  a  small 
spatula.    Large  blocks  may  have  two  coatings  given  them. 

It  sometimes  happens  that  the  ribbon  becomes  electrified  during  the 
cutting,  and  twists  and  curls  about  in  the  air  in  a  most  fantastic  and 
undesirable  manner.    It  may  be  got  flat  by  warming  slightly. 

149.  Section  Flattening.— The  sections  having  been  ob- 
tained may  be  cleared  and  mounted  at  once  if  they  are 
quite  perfect,  that  is,  neither  rolled  nor  creased  nor  com- 
pressed. But.  should  they  in  the  least  degree  show  any 
of  these  defects,  they  must  first  be  unrolled  or  smoothed,  oi 
expanded  to  their  proper  dimensions. 

The  most  efficacious  plan  is  combined  treatment  with  fluid 
and  heat.  The  sections  are  either  floated  on  to  the  surface 
of  warm  water  or  warm  alcohol  contained  in  a  suitable  dish, 
which  causes  them  to  flatten  out  perfectly,  and  are  then 
transferred  to  a  slide,  by  floating  them  into  position,  or 
otherwise.  Or  the  slide  has  a  layer  of  water  spread  over  it, 
the  sections  are  laid  on  the  water,  and  the  slide  is  heated 
(to  somewhat  below  the  melting-point  of  the  paraffin)  until 
the  sections  flatten  out,  which  happens  in  a  few  seconds. 

A  special  water-bath  for  flattening  sections  is  described  by  Nowak 
in  Zeit.  wiss.  Mik.,  xii,  1896,  p.  447. 

150.  Clearing  and  Mounting.— The  sections  having  been 
duly  smoothed  by  one  of  these  processes,  and  duly  fixed  to 
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the  slide   (Chapter  X),  unless  it  is  desired  to  keep  them 
loose,  all  that  now  reumins  is  to  get  rid  of  the  para  hn  and 
mount  or  stain  as  the  case  may  be.    Many  solvents  have 
been   recommended  for   this   purpose  :-Turpentine,  warm 
turpentine,  a  mixture  of  four  parts  of  essence  of  turpentme 
with  one  of  ereasote,  creasote,  a  mixture  of  turpentine  and  m 
of  cloves,  benzin,  toluol,  xylol,  thin  solution  of  Canada  bal  am 
in  xylol  (only  applicable  to  very  thin  sections),  hot  absolute 
alcohol,  napMha,  or  any  other  paraifin  oil  of   ow  bo.lmg- 
point     Of   these  xylol   and  toluol  are   generally  in  most 
Aspects  the  best.     Benzol  and  chloroform  are  too  volatile 

for  safe  manipulation.  .  ,    .  ^i 

If  the  slide  be  warmed  to  the  meltmg-pomt  of  the  paraffin, 
a  few  seconds  will  suffice  to  remove  the  pamffin  if  the  sbde 
be  plunged  into  a  tube  of  xylol  or  toluol.  For  t}an  sections, 
10  0  if  it  is  not  necessary  to  u-ar.n  at  all  The  section 
may°-  -o-^ed  direct  from  the  xylol,  or  the  slide  may  be 
brought  into  a  tube  of  alcohol  to  remove  the  solvent  foi 


staining. 


Paraffin  sections  can  he  stained  without  ™1  of  the  .^raffin^^^^^^^ 
that  after-treatment  with  alcohol  can  be  suppressed,  but  this  is  only 
very  exceptionally  advantageous. 

181^  Pure  Paraffln.-It  is  now  almost  universally  admitted 
tl,at  inn-o  paraffin  is  superior  for  ordinary  wor-lc  to  auy  0 
t  ,e  n  any   ni.turos  with  wax  and  the  bice  that  used  to  le 
Lornuinded.    Paraffin  varies  enormously  n,  l.-a--  - 
cording  to  the  temperature  of  its  surrouudiugs     It  should 
Wore  be   taken  of  a  melting-point   su,  able   to  the 
temperature  of  the  laboratory.    A  paraffin  .„lh«g  at  60  a 
Z  a  little  harder  is  that  which  in  my  experience  gives  the 
best  r   ults   0  on,  as  tU  t^np^ratn,.  o/  tU  laUraio,-v  ,s 
tfll  15°  and  17°  C.     For  higher  temperatures  a  ha,-der 
paraffin  is  required,  and  for  lower  '-n>-atures  a  softe^  o  e 

Marry  workers  ot  undoubted  oompeteuce 
somewhat  harder  than  *is  .  . so   *or  instance    Hmdeulja  n 

,58°),  Apathy   (55°),  «      ^  .I'^SO^ 

cjnmmer  •  in  winter  about  5b  ,  but  ne\  ei    lu^s  ,    .  „ 

summei  ,  m  Naples  the  temperature  during 

Mayer  points  out  that  at  isapicb  uuo 

five  months  of  the  summer  and  autumn  is  over  22  C.  an 
nve  muutiin  'IVmneratures  such  as 

the  laboratory,  sometimes  over  30  .  iempeiat 
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these  ave  seldom  realised  in  tlie  British  Isles,  and,  whilst  I 
quite  admit  that  such  hard  paraffin  may  have  its  raisoii. 
d'etre  for  Naples,  I  hold  that  for  that  very  reason  it  is 
in  general  unnecessarily  hard  for  cooler  climates. 

My  recommendation  of  a  relatively  soft  paraffin  refers  to 
work  with  the  Thoma  sliding  microtome.  Microtomes  with 
Jixed  knives,  such  as  the  Cambridge,  the  Minot,  or  the 
Eeinhold-Giltay,  will  give  good  results  with  much  harder 
paraffin,  and,  in  fact,  require  such. 

8tout  hiives  of  hard  steel  will  take  a  harder  paraffin  than 
thin  ones  of  soft  steel ;  but  the  latter  may  be  preferable  for 
soft  masses. 

For  thin  .sections  a  harder  paraffin  is  required  than  for 
thick  ones. 

Hard  objects  require  a  harder  paraffin  than  soft  ones. 

Bi;ass  {Zeit.  luiss.  Mih.,  ii,  1885,  p.  300)  recommends 
paraffin  that  has  been  kept  for  some  years,  as  it  has 
less  tendency  to  crystallise  than  new  paraffin. 

Paraffin  of  various  melting-points  is  easily  found  in  com- 
merce. Intermediate  sorts  may  be  made  by  mixing  hard 
and  soft  paraffin.  I  find  that  two  parts  of  paraffin  melting 
at  50°  Avith  one  of  paraffin  melting  at  36°  C.  give  a  mass 
melting  at  48°  0.,  and  a  mixture  of  one  part  of  that  melting 
at  53°  with  one  part  of  that  melting  at  45°  gives  a  mass 
melting  at  50°  C. 

According  to  E.  Burchaedt  [Jena  Ztit.  Naturiv.,  xxxiv, 
1900,  p.  719)  mixttires  of  paraffins  of  different  melting-points 
give  better  results  than  an  unmixed  paraffin  of  the  same 
melting-point  as  the  mixture.  He  recommends  10  parts  of 
40°  paraffin  -t-  1  of  45°  +  1  of  52°  -f  1  of  58°  +  6  of  60°. 

Tor  methods  for  ascertaining  melting-points  see  Kissling, 
Chem.  Centralh.  ii,  1901,  p.  507. 

152.  Overheated  FarafBn. — Spee  {Zeit.  wiss.  Mile,  ii,  1885,  p.  8)  takes 
paraffin  of  about  50°  0.  melting-point  and  heats  it  in  a  porcelain  capsule 
by  means  of  a  lamp  until  it  has  become  brownish-yellow,  and  after 
cooling  shows  an  unctuous  or  soapy  sm-face  on  being  cut.  This  mass 
may  be  obtained  ready  prepared  from  Grlibler.  The  object  of  this  pre- 
paration is  to  make  the  mass  stickier,  in  view  of  cuttuig  ribbons. 

Van  Walsem  (Vcrh.  Ahacl.  Wetensch.  Amstardam,  1899,  p.  132)  still 
recommends  the  addition  of  5  per  cent,  of  yellow  wax  to  paraffin  of  52° 
to  57°  melting-point  (for  large  sections  of  central  nervous  system). 

Johnston  (Jonrn.  Appl.  Mia:,  vi,  1903,  p.  2662)  adds  1  per  cent,  of 
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india-rubber  in  very  small  pieces,  dissolved  by  heating  to  100^  0.  for 
twenty.four  hours,  or  several  days  to  60°  0.  Clear  with  xylol.  For 
very  brittle  objects. 

153.  Soap  MaBses.-These  have  never  been  much  used  and  are  now 
entirely  discarded.  But  see  early  editions,  or  f^^^^^  j^^''^'':^-..'^"'"'^; 
iii.  1877,  p.  558);  Kadyi  {Zool.  Anz.,  1879,  vol.  ii,  p.  477);  Dollken 
(Zeit.  wiss.  Mih.,  xiv,  1897,  p.  32). 

Gelatin  Masses. 

154.  Gelatin  Imbedding  is  a  method  that  has  the  ad- 
vantage of  being  applicable  to  tissues  that  have  not  been 
in  the  least  degree  dehydrated. 

The  modus  operandi  is,  on  the  whole,  the  same  as  for  other 
fusion  masses,  with  the  difference  that  the  objects  are  pre- 
pared by  saturation  with  water  instead  of  alcohol  or  a 
clearing  agent.  After  the  cooling  of  the  mass  it  may  some- 
times be  cut  at  once,  but  it  is  generally  necessary  to  harden 
it  This  may  be  done  by  treatment  for  a  few  minutes  with 
absolute  alcohol  (Kaisee),  or  for  a  few  days  with  90  per  cent, 
alcohol  (Klebs)  or  chromic  acid  (Klebs)  or  formaldehyde 
(Nicolas),  or  it  may  be  frozen  (Sollas). 

The  mass  can  be  removed  from  the  sections  by  means  of 
warm  water. 

155  Glycerin  Gelatins,  Klebs'  (Arch.  mih.  Anat.,  v,  1869,  p.  165)_ 
-A  concentrated  solution  of  isinglass  mixed  with  half  its  volume  ot 

^^kTiTeb's  {Bot.  Centralb.,  i,  1880,  p.  25) .-One  pai-t  by  weight  of 
eelatm  is  left  for  about  two  hours  in  6  parts  by  weight  of  water ;  7  parts 
of  glycerin  are  added,  and  for  every  100  grm.  of  the  mixtui-e  1  grm.  ot 
concentrated  carbolic  acid.  The  whole  is  warmed  for  ten  to  fifteen 
minutes,  stiiTing  all  the  while,  until  the  whole  of  the  flakes  produced  by 
the  carbolic  acid  have  disappeared.  -n  tvt- 

Geelach's  {Unters.  a.  d.  Anat.  Inst.  Erlav g en,  18S4;  Journ.  Boy.  Mic. 
Sac  1885  p  541).— Take  gelatin,  40  gi-m.;  satm-ated  solution  of  ai-semous 
acid,  200  c.c. ;  glycerin,  120  c.c.  Clarify  with  white  of  egg.  The  objects 
to  be  prepared  for  imbedding  by  a  bath  of  one  thii-d  glycerin.  _ 

ApIthy  {Mitth.  Z.  Stat.  Neapel,  xii,  1897,  p.  718,  and  Zett.  iciss. 
Milcr  xxix,  1913,  p.  472)  soaks  small  objects  first  in  glycerin  and  water 
(equal  parts)  and  then  for  at  least  24  hours  at  40°  0.  in  a  solution  of 
1  part  of  gelatin  in  3  of  glycerin  and  6  of  water.  They  are  then 
arranged  in  some  of  tliis  in  an  imbedding  box,  and  the  whole  is  warmed 
(over  calcium  chloride)  in  a  stove  at  45°  to  60°  C.  until  the  mass  has 
evaporated  down  to  one  half,  losing  5  of  its  6  volumes  of  water  (as  1 
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understand — tlie  description  is  not  clear).  Blocks  are  then  cut  out 
and  hardened  in  absolute  alcohol  (suspended  therein)  for  several  days 
(1  day  per  millimetre  of  thickness),  cleared  in  terpinol  (1  day  per 
millimetre),  and  cut  with  a  knife  wetted  with  the  same.  Said  to  give 
sections  of  3  /t,  without  the  least  shrinkage. 

Brunotti's  Gold  Gelatin  Mass  {Journ.  de  Botan.,  \i,  1892, 
p.  194). — Twenty  grms.  gelatin  dissolved  with  heat  in  200  c.c. 
distilled  water,  and  30  to  40  c.c.  of  glacial  acetic  acid  with 
1  grm.  corrosive  sublimate  added  after  filtering.  Objects 
are  prepared  by  soaking  in  some  of  the  mass  diluted  with 
two  to  three  volumes  of  water,  then  imbedded  in  the 
undiluted  mass.  The  mass  is  then  hardened  in  spirit  or 
bichromate  of  potash,  picric  acid,  or  the  like.  No  heat  at 
all  is  required  in  this  process. 

NicoLAs'S  Method  {Bibiogr.  Anat.,  Paris,  3  annee,  1896, 
p.  274). — Preparations  are  first  soaked  for  one  or  two  days 
in  a  3  per  cent,  to  4  per  cent,  aqueous  solution  of  gelatin 
kept  at  25°  C,  then  for  the  same  time  in  a  10  per  cent, 
solution,  and  then  for  two  or  three  days  more  in  a  20  per 
cent,  to  25  per  cent,  solution  containing  8  per  cent,  to  10 
per  cent,  of  glycerin  and  kept  at  35°  C.  They  are  then 
imbedded  in  some  of  the  same  mass  in  paper  trays,  and  as 
soon  as  the  gelatin  has  set  are  thrown  into  a  mixture 
of  formol  1  part,  water  7.  After  a  few  days  therein 
the  gelatin  hafe  become  hard  and  insoluble,  and  may  be  cut 
or  preserved  for  months  in  weak  formol  solution,  or  dilute 
alcohol  or  glycerin,  or  even  in  pure  water.  Sections  must 
be  very  gradually  passed  through  successive  alcohols  for 
dehydration,  as  they  curl  up  very  easily.  They,  however, 
flatten  out  at  once  on  being  brought  from  absolute  alcohol 
into  cresylo],  and  may  then  be  mounted  in  balsam.  To 
mount  in  glycerin  is  of  course  easy. 

BuRZYNSKi  {Polu.  Arch.  Biol.  Med.   Wiss.,  i,  1901,  p.  39) 
finds  that  alkaline  formol  hardens  gelatin  better  than  acid. 

G-ASKELL  {Journ.  Path.  Bad.,  July,  1912,  p.  58)  soaks  in 
piire  gelatin,  melted  s.a.,  for  two  to  five  hours  at  37°  0., 
and  hardens  the  mass  in  vapour  of  formol,  for  three  or  more 
days.  To  cut,  he  freezes.  He  mounts  in  glycerin  jelly,  to 
avoid  dehydration  and  shrinkage. 


CHAPTER  IX. 

COLLODION  (OKLLOIPIN)  AND  OTIIEU  IMBEDDING  METHODS. 

156.  Introduction.-Oollodion  (or  celloidin)  masses  do  not 
reau'e  the  employment  of  heat.    They  do  not  reqmi^  that 

rh  et  shlld\e  cleaved  hefo..  imbedding  and  i^at  ;s 
an  advantao-e  in  the  case  of  very  large  objects.  They  aie 
Ire  o'ess  transparent,  which  facilitates  onentat.o..  And 

hey  1  speciallySndicated  for  very  l-B^  ^^^fs  o.-^^^ 
soaking  in  collodion,  being  quite  moifensrve  to  the  most 
dlate  element.  ma,y  be  prolonged  if  —^^J^ 
T  .fl,r  tliP  mass  being  quite  transparent  attei  mounting 
Lastly,  the  "^^^  ^^"SJ  .  ^^^^  ^he  sections  before  stannng 

'''"t;:^'^  a—ges.    one  is  U.at  *e  pvocess  a 
4  —  sections  ,uite  so  thin  as  those  ton.shed 

t:::%Jt£7Lnn,  cumn,.  and  cutHn,  *■>,  as 

described  in  §§  168-170. 

157.  CoUoaion,  Celloidin.  and  ^  ^t" 

„,etUoa  is  a„e  .0  D^^l-^^' ^^^^ii  Ink  So™-. 
C6Bo.&«,  recommenaod        °"  %       ;^  ^  patent 
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once  in  ether,  or  a  mixture  of  ether  and  alcoliol,  to  make  a 
collodion  of  any  desii-ed  strength.  Bat  it  is  better,  as 
recommended  by  Apathy,  to  cut  them  up  into  thin  shavings, 
which  should  be  allowed  to  dry  in  the  air  until  they  become 
yellow,  transparent,  and  of  a  horny  consistency,  and  that  these 
be  then  dissolved  in  alcohol  and  ether  (sulphuric,  free  from 
acid).  The  solutions  thus  prepared  ave  free  from  the  excess 
nf  imter  that  is  present  in  the  undried  celloidin,  and  give 
after  hardening  a  mass  that  is  more  transparent  and  of  a  better 
consistency  for  cutting  [Zeit.  wiss.  Mih.,Y\,  1889,  p.  164). 

Imbedding  masses  of  excellent  quality  can  be  prepared 
with  ordinary  collodion,  but  celloidin  furnishes  more  readily 
solutions  of  known  concentration.  Otherwise  there  is  but 
little  to  choose  between  the  two,  and  therefore  in  this  work 
the  terms  collodion  and  celloidin  are  used  indiiferently. 

According  to  Unna  {Monaischr.  p.  Dermatol.,  xxx,  1900,  ^p.  422  and 
476 ;  Zeif.  wiss.  Mik.,  xviii,  1901 ,  p.  32)  a  more  inelastic,  and  therefore 
better,  mass  is  obtained  by  adding  to  celloidin  2  per  cent,  of  oil  of 
tm-pentine,  stearate  of  soda,  or  (l)est  of  all)  castor-oil.  Celloidin  with 
this  addition  has  been  put  on  the  market  under  the  name  of  "  Oelloi- 
dinum  inelasticum,"  by  the  Chemisclie  Fabrik  vorm.  E.  Scliering,  in 
Berlin. 

Photoxylin  (Krtsinskt,  Vibchow's  AicMv,  cviii,  1887,  p.  217; 
BussE,  Zeit.  iviss.  Mik.,  ix,  1892,  p.  47)  is  a  dry  substance,  of  the  aspect 
of  cotton-wool,  and  chemically  nearly  related  to  celloidin.  It  can  be 
obtained  from,  Gbubler.  It  gives  a  clear  solution  in  a  mixture  of 
equal  parts  of  ether  and  absolute  alcohol,  and  should  be  used  in  exactly 
the  same  way  as  celloidin.  It  has  the  advantage  of  affording  a  mass 
wliich  after  hardening  in  85  per  cent,  alcohol  remains  perfectly  trans- 
parent.  Some  writers  say  that  it  gives  a  loetter  consistency,  but  others 
deny  this  (Apathy,  e.g.). 

TscHERNiscHEFF  {Ztiit.  wiss.  Mik.,  xvii,  1900,  p.  449)  recommends 
Colloxylin  (10  grms.  dissolved  in  10  grms.  of  eugenol  or  clove  oil,  with 
the  addition  of  50  c.c.  of  ether  and  1  of  absolute  alcohol). 

The   Older   Celloidin  Method. 

158.  Preparation  of  Objects.— The  objects  must  first  be 
very  thoroiiglily  dehydrated  with  absolute  alcohol.  They  are 
then  soaked  till  thoroughly  penetrated  in  ether,  or,  which  is 
better,  in  a  mixture  of  ether  and  absolute  alcohol.  Uuval 
{loc.  cit.)  takes  for  this  purpose  a  mixture  of  ten  parts  of 
ether  to  one  of  alcohol  ;  Schirfperdiccker  (and  the  majority 


104 


CHAPTER  IX. 


of  workers)  a  mixture  of  equal  parts  of  ether  and  alcohol ; 
ToBDY  (in  Nature,  November  17th,  1892,  p.  51)  advises  a 
mixture  of  four  parts  of  ether  and  one  of  alcohol.  Fish 
advises  acetone,  see  next  §.  Mann  {Methods,  etc.,  p.  172) 
takes  equal  parts  of  ether  and  methyl  alcohol.  So  also 
Pavlow,  Zeit.  iviss.  Mihr.,  xxi,  1904,  p.  15. 

This  stage  may  be  omitted  if  the  objects  are  of  a  suffi- 
ciently permeable  nature,  and  they  may  be  brought  direct 
from  alcohol  into  the  collodion  bath. 

169.  The  Collodion  Bath.— The  secret  of  success  here  is  to 
infiltrate  the  objects  first  with  thin  solutions,  then  with  the 
definitive  thick  one.  (A  thin  solution  may  be  taken  to  mean 
one  containing  from  4  to  6  per  cent,  of  celloidin  [dried  as 
described  in  §  157]  ;  a  thick  solution,  one  containing  10  to 
12  per  cent.) 

If  collodion  be  taken,  the  thin  solutions  may  be  made  by 
diluting  it  with  ether.  If  photoxylin  or  celloidin  be  taken, 
the  solutions  are  made  in  a  mixture  of  ether  and  absolute 
alcohol  in  equal  parts. 

The  dried  celloidin  shavings  dissolve  very  slowly  in  the 
mixtiire.  Elschnig  {Zeit.  wiss.  Mihr.,  x,  1893,  p.  443),  has 
found  that  solution  is  obtained  much  quicker  if  the  shavings 
be  first  allowed  to  swell  up  for  twenty-four  hours  in  the 
necessary  quantity  of  absolute  alcohol,  and  the  ether  be 
added  afterwards. 

BussE  {of.  cit.,  ix,  1892,  p.  47)  gives  the  following  pro- 
portions for  the  successive  baths  : — No.  1,  10  parts  by  weight 
of  photoxylin  or  perfectly  dried  celloidin  to  150  parts  of  the 
ether  and  alcohol  mixture ;  No.  2,  10  parts  of  photoxylin  or 
celloidin  to  105  of  the  mixture;  No.  3,  10  parts  to  80  of 
the  mixture  (already-used  solution  may  be  employed  for 
the  first  bath). 

I  generally  use  only  two  solutions  :  one  weak  one,  and  one 
strong  one  corresponding  approximately  to  Busse's  No.  2. 
His  No.  3  is  so  thick  that  excessive  time  is  required  to  obtain 
penetration  by  it. 

Mann  {Methods,  p.  172)  uses  solutions  of  2^  and  10  per 

cent. 

Apathy  (Behhbns,  Tahellen.,  1898,  p.  82)  takes  2  per  cent, 
and  4  per  cent,  for  the  first  baths,  8  per  cent,  for  the  last. 
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Myers  {Arch.  Anat.  Phys.,  Anat.  Ahth.,  1902,  p.  370) 
takes  1^  per  cent.,  6  per  cent.,  and  16  per  cent. 

See  also  Netimatee,  Zeit.  iviss.  Mih.,  xxv,  1908,  p.  38  ;  Db  Vecchi, 
ibid.,  xxiii,  1906,  p.  312 ;  and  Fxthrmann,  Zeit.  wiss.  Zool.,  Ixxviii,  1905 
p.  524. 

Fish  {Journ.  Appl.  Microscop.,  ii,  1899,  p.  323)  fii-st  infiltrates  witli 
acetone  (which  he  says  may  1)e  used  as  a  fixing  and  dehydi-ating  agent 
at  the  same  time),  then  with  a  4  per  cent,  solution  of  pyi-oxylin  (gun- 
cotton)  in  acetone ;  and,  lastly,  in  an  8  per  cent,  acetone  solution  of  the 
same.    See  for  other  solutions  §§  170  and  171. 

The  objects  ought  to  remain  in  the  first  bath  until  very 
thoroughly  penetrated ;— days,  even  for  small  objects, — 
■weeks  or  months  for  large  ones  (human  embryos  of  from 
six  to  twelve  weeks,  for  instance). 

"When  the  object  is  duly  peneti-ated  by  the  thin  solution, 
or  solutions,  if  more  than  one  have  been  employed,  it  should 
be  brought  into  the  thickest  one.  This  may  be  done  (as  first 
described  in  this  work,  1st  edit.,  1885,  p.  194)  by  allowing 
the  thin  solution  to  concentrate  slowly  (the  stopper  of  the 
containing  vessel  being  raised,  for  instance,  by  means  of  a 
piece  of  paper  placed  under  it),  and  making  up  the  loss  from 
evaporation  with  thick  solution. 

Apathy  [MiJcrotechuik,  p.  121)  holds  that  it  is  preferable 
to  transfer  to  fresh  thick  solution,  as  he  finds  that  a  better 
consistency  after  hardening  is  thus  obtained. 

160.  Imbedding.— The  objects  must  now,  if  it  has  not  been 
done  before,  be  imbedded — that  is,  arranged  in  position  in 
the  thick  collodion  in  the  receptacle  in  which  they  are  to 
be  hardened.  For  the  usual  manipulations  see  §  137.  If 
paper  thimbles  be- taken  for  imbedding,  the  bottoms  should 
be  made  of  soft  wood  in  preference  to  cork,  see  §  165. 
They  should  be  prepared  for  the  reception  of  the  object  by 
pouring  into  them  a  drop  of  collodion,  which  is  allowed  to 
dry.  The  object  of  this  is  to  prevent  bubbles  coming  up 
through  the  wood  or  cork  and  lodging  in  the  mass. 
Watch-glasses,  deep  porcelain  water-colour  moulds,  and  the 
bke,  also  make  convenient  imbedding  receptacles.  Care 
should  be  taken  to  have  them  perfectly  dry. 

It  not  infrequently  happens  that  during  these  manipula- 
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tions  bul^blcs  make  tl.eir  appearance  in  the  mass.  Before 
rceed  ng  with  the  hardening  these  should  be  got  rxd  of 
Texp  Sg  the  whole  for  an  hour  or  two  to  the  vapou 
o[  etW  in  a  desiccator  or  other  well-closed  vessel.  Gar 
lou  d  be  taken  that  the  ether  (which  may  be  poured  on 
tlrbottom  of  the  vessel)  does  not  wet  the  mass  (Boss., 
Zeit.  wiss.  Mik.,  viu,  1892,  p.  467). 

161  Orieiitation.-0elloidin  being  more  or  less  transparent, 
it  s  sold  n  nece         to  recur  to  special  aids  to  orientation 

IpIthv  [Zeit.  wisi  Mile,  V,  1888,  p.  47)  aj-ranges  objects 
out  sma^  rectangular  plate  of  gelatin,  placed  on  the  bottom 
on  a  small  g     .  t  o-plitin  is  turned  out  with 

„lates  bardla  wWt.  ot  .gg,  in  «W<=U  a  shallow  farrosv 
t the l-eception  of       objects  has  been  out  by  means  of  a 
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"^XrL  wl  th'  nlr  a  glass  shade,  allowing 

thick  collodion  (of  >vh,ch  only  l"f  '"""K  ,^  t,,^t 
obiect  shonld  ^^XTZvJl.  is  added, 
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under  a  bell-jar,  together  witli  a  disli  containing  alcoliol,  so 
that  the  evaporation  is  gone  through  in  an  atmosphere  of 
alcohol.  This  is  especially  indicated  for  very  large  objects. 
The  whole  process  of  adding  fresh  collodion  and  placing 
the  objects  under  the  required  conditions  of  evaporation  is 
repeated  every  few  hours  for,  if  need  be,  two  or  three  days. 

When  the  mass  has  attained  a  consistency  such  that  the 
ball  of  a  finger  {not  the  nail)  no  longer  leaves  an  impress  on 
it,  it  should  be  scooped  out  of  the  dish  or  mould,  or  have  the 
paper  removed  if  it  has  been  imbedded  in  paper,  and  be 
submitted  to  the  next  stage  of  the  hardening  process.  (If 
the  mass  is  found  to  be  not  quite  hard  enough  to  come  away 
safely,  it  should  be  put  for  a  day  or  two  into  weak  alcohol, 
30  to  70  per  cent.) 

163.  Hardening,  Definitive.— Several  methods  are  available 
for  the  definitive  hardening  process.  One  of  these  is  the 
chloroform  method,  due  to  Yiallanks  {Rech.  sur  I'Eist.  et  le 
Dev  (ies  Insectes,  1883,  p.  129). 

It  consists  in  bringing  the  objects  into  chloroform.  In 
some  cases  a  few  hours'  immersion  is  sufficient  to  give  the 
requisite  consistence.  In  no  case  have  my  specimens 
required  more  than  three  days.  The  collodion  frequently 
becomes  opaque  on  being  put  into  the  chloroform,  but 
regains  its  tfansparency  after  a  time. 

Small  objects  may  be  haT'dened  by  chloroform  without  pre- 
liminarij  hardening  by  evaporation.  All  that  is  necessary  is 
to  expose  the  mass  to  the  air  for  a  few  seconds  until  a  mem- 
brane has  formed  on  it,  and  then  bring  it  into  chloroform. 
If  the  mass  is  in  a  test-tube  this  may  be  filled  up  with 
chloroform  and  left  for  two  or  three  days  if  need  be.  V>y 
this  time  tlie  collodion  mass  will  be  considerably  hardened, 
and  also  somewhat  shrunk,  so  that  it  can  be  shaken  out  of 
the  tube.  It  is  then  brought  into  fresh  chloroform  in  a  larger 
vessel,  where  it  remains  for  a  few  more  days  until  it  is  ready 
for  cutting.  But  sufficient  hardening  is  sometimes  obtained 
in  a  few  hours. 

Good  chloroform  is  a  necessity. 

The  above  processes  are  excellent,  but  I  regard  them  as 
pi'imitive  forms  of  the  chloroform  method.  I  now  almost 
always  harden  in  xapour  of  chloroform.     All  that  is  neces- 
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savy  is  to  put  the  liquid  mass  (after  having  removed  bubbles 
as  directed  in  §  160),  with  its  recipient  into  a  desiccator  on 
the  bottom  of  which  a  few  drops  oE  chloroform  have  been 
poured.  The  action  is  very  rapid,  alid  the  final  consistency 
of  the  mass   at  least  equal  to  that  obtained  by  alcohol 

^'""^hr  more  commonly  employed  hardening  method  is  the 
alcohol  method.  The  objects  are  thrown  into  alcohol  and 
left  there  until  they  have  attained  the  right  consistency  (one 
day  to  several  weeks) .  The  bottle  or  other  ^^^^^J^^^^^/^f 
the  alcohol  ought  not  to  he  tightly  closed,  hut  should  he  left  at 

least  pariZi/  open.  ■,  •  , 

The  strength  of  the  alcohol  is  a  point  on  which  the  prac- 
tice of  diiferent  writers  diiSers  greatly.  Busse  {Zert.  f.  w^ss. 
Mihr  ix  1  1892,  p.  49)  has  found,  as  I  also  have  done, 
^:D^o{of  ahZ  85  W  cent,  is  the  best,  ^^^^  - 
the  cutting  consistency  and  the  transparency  oi  the  m^.s 
Care  must  be  taken  to  keep  masses  hardened  m  this  gi.de 
of  alcohol  moist  while  cutting,  as  they  dry  by  evaporation 

''IZ^IL.  use  lower  grades,  70  to  80  per  cent  or 
even  lower.    Apathy  {Microtechmh,  p.  185)  mentions  gly- 
rm-alcohol,"  but  without  giving  details  ^^^^^^^ 
xi  1896,  p.  724)  mentions  "weak  spirit  with  foimoi  added 
to' it,"  slying  that  formol  hardens  celloidm. 

1  «  After  nrelimiiiary  hardening  by 


with  warm  water.  recommends  that  the 

ring  a  very  undesirable  degree  of  shrinkage. 

164  Preservation-The  hardened  blocks  of  collodion  may 
be  pres!rv:d  till  wanted  in  weak  alcohol  (70  per  cent.),  or 
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dry,  by  dipping  them  into  melfced  paraffin  (Apathy,  Zeit. 
wiss.  Mikr.,  v,  1888,  p.  45),  or,  after  rinsing  with  water,  in 
glycerine-jelly,  which  may  be  removed  with  warm  water 
before  cutting  (Apathy,  Mitth.  Zool.  Stat.  Neapel,  xii,  1897, 
p.  372). 

Reference  numbers  may  be  written  with  a  soft  lead  pencil 
on  the  bottom  of  the  paper  trays,  or  with  a  yellow  oil  pencil 
on  the  bottom  of  the  watoh-glasses  in  which  the  objects  are 
imbedded.  On  removal  of  the  paper  from  the  collodion 
after  hardening,  the  numbers  will  be  found  impressed  on 
the  collodion. 

165.  Cutting. — If  the  object  has  not  been  stained  before  imbedding,  it 
may  form  so  transparent  a  mass  with  the  collodion  that  the  arrange- 
ment of  the  object  and  sections  in  the  right  position  may  be  rendered 
very  difficult.  It  is,  therefore,  well  to  stain  the  collodion  lightly,  just 
enough  to  make  its  outlines  visible  in  the  sections.  This  may  be  done 
by  adding  picric  acid  or  other  suitable  colouring  matter  dissolved  in 
alcohol  to  the  collodion  used  for  imbedding,  or  to  the  oil  used  for 
clearing. 

To  fix  a  collodion  block  to  the  microtome  take  a  piece  of 
soft  wood,  or,  for  very  small  objects,  pith,  of  a  size  and  shape 
adapted  to  fit  the  holder  of  the  microtome.  Cover  it  with 
a  layer  of  collodion,  which  you  allow  to  dry.  Take  the 
block  of  collodion  or  the  infiltrated  and  hardened  but  not 
imbedded  object,  and  cut  a  slice  oif  the  bottom,  so  as  to  get 
a  clean  surface.  Wet  this  surface  first  with  absolute  alcohol, 
then  with  ether  (or  allow  it  to  dry)  ;  place  one  drop  of  very 
thich  collodion  on  the  prepared  wood  or  pith  and  press  down 
tightly  on  to  it  the  wetted  or  dried  surface  of  the  block  or 
object.  Then  throw  the  whole  into  weak  (70  per  cent.) 
alcohol  for  a  few  hours,  or  even  less,  or,  better,  into  chloro- 
form, or  vapour  of  chloroform,  for  a  few  minutes,  in  order 
that  the  joint  may  harden. 

Lindsay  Johnson  prefers  a  mixture  of  beeswax,  1  part; 
rosin,  2  parts.  To  use  it  you  must  get  the  block  of 
celloidin  perfectly  dry  at  the  bottom,  then  warm  the  object- 
holder  slightly,  if  possible  over  a  flame ;  drop  on  to  it  a  few 
drops  of  melted  cement,  and  press  on  to  it  the  block  of  col- 
lodion, which  will  be  firmly  fixed  as  soon  as  the  cement  is 
cool — that  is,  in  a  few  seconds. 

For  objects  of  any  considerable  size  it  is  best  not  to  use 
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cork  for  n.ounting  on  the  microtoine,       ^he  0  ,300  -l.oldei  be 
a  vL  ;  fov  cork  bonds  under  the  pressure  of  be  bolder,  and 
the  elastic  collodion  bends  with  it,  deformang  the  object,  li 
b     bltlbolder  be  of  tbe  cylinder  type,  a  good  cork  .nay 
bo  nsed-  but  even  tben,  I  tbink,  ^vood  is  safer.    Gage  has 
trended  bits  of  glass  cylinders.    J---/^^;  ^ 
7,f7     11    1ftQ4,    D    237)  recommends   a  sort   ot  vulcanite 
f  '    "  stb  it  "  which  is  manufactured  for  electrical 

known  as     StabUit,    ^  .^^   suitable  blocks  by 

';:TZ  liable  to  sw.ll  in  alcohol 

1  tbrtt  no  longer  fits  into  the  object-holder.  Babcock 
Tjott  1  Micr.  loc,  1901,  p.  339)  uses  a  block  of  hard 
paraffin,  with  the  surface  corrugated. 

Sections  (from  such  masses  as  have  not  been  cleared  bef o  e 
r         f  witli  1  knife  kept  abundantly  wetted  with 
cutting)  are  cut  with  a  Jcniie j-ep  Apathy  recom- 

nt  the  alcohol  on  the  blade  is  lessened 

The  knife  is  set  in  as  oblique  a  position  as  possible. 
?evy  brittle  sections  may  be  collodlonised  as  explained 

^  11  sections  ave  eithe-  bi-onght  into  alcohol  (of  50  to  85 

oil  or  the  like  may  be  cut  dry,  § 

Ififi  Stainine.-The  sections  may  now  be  stained  as  desired 
166.  Stammg.    x  .^^^      on  paper  as 

either  loose,  or  mounted  in  sei  e 

described  m  Chapter  X.    It  &    ^^^.^  .Gaining,  as  it 

indeed  desirable,  ^      sTr  o- ves  up  the  stain  on 

usually  either  ren.ains  -^o-  -  ;  ^  ,,ay 

ether. 

0.ea..,a«^^^^^^ 

without  removing  the  mass,  wm 
in  that  medium. 
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You  may  mount  in  balsam,  also,  without  removing  the 
mass,  which  does  no  harm,  and  serves  the  useful  purpose 
of  holding  the  parts  of  the  sections  together  dui-ing  the 
manipulations.  Dehydrate  in  alcohol  of  95  or  96  per  cent, 
(not  absolute,  as  this  attacks  the  collodion).  Nikifoeow  {Zeit. 
iciss.  Mih.,  viii,  1891,  p.  189)  recommends  a  mixture  of  equal 
parts  of  alcohol  and  chloroform.  Clear  with  a  substance  that 
does  not  dissolve  collodion.  The  clearing  agents  most  recom- 
mended are  origanum  oil  [01.  Origan.  Cretici,  it  is  said,  should 
be  taken,  not  01.  Orig.  Gallici ;  but  see  as  to  this  reagent 
the  remarks  in  §  125),  bergamot  oil  (said  to  make  sections 
shrink  somewhat),  oil  of  sandal-wood,  lavender  oil,  oil  of 
cedar-wood  (safe  and  gives  excellent  results,  but  acts  rather 
slowly),  chloroform,  xylol,  or  benzol  (may  make  sections 
shrink  if  not  well  dehydrated),  or  Dunham's  mixture  of  3 
or  4  parts  of  white  oil  of  thyme  with  1  part  of  oil  of 
cloves.     (As  to  oil  of  thyme,  see  also  §§  125,  126.) 

Fish  [Proc.  Amer.  Mih.  Soc,  1893)  advises  a  mixture  of 
one  part  of  red  oil  of  thyme  with  three  parts  of  castor  oil, 
the  latter  being  added  in  order  to  counteract  the  volatility 
of  the  thyme  oil.  But  later  (June,  1895),  writing  to  me, 
Dr.  Fish  says  he  has  substituted  the  white  oil  of  thyme  for 
the  red,  and  finds  it  an  advantage  in  orientating.  See  also 
§  126. 

Some  specimelis  of  clove  oil  dissolve  collodion  very  slowly,  and  may 
be  used,  but  I  would  not  be  understood  to  recommend  it.  The  action 
of  origanum  oil  varies  much,  according  to  the  samples  ;  some  sorts  do 
not  clear  the  collodion,  others  dissolve  it,  others  pucker  it.  Minot 
(Zeit.  wiss.  Mile,  iii,  1886,  p.  175)  says  that  Dimham's  mixture  "  clarifies 
the  sections  very  readily,  and  softens  the  celloidin  just  enough  to  prevent 
the  puckering  which  is  so  annoying  with  thyme  alone." 

Carbolic  acid  has  been  recommended.  Weigeet  (Zeit.  wiss.  Mile,  iii, 
1866,  p.  480)  finds  that  a  mixtiu-e  of  3  parts  of  xylol  with  1  part  of 
carbolic  acid  (anhydrous)  clears  w&ll.  But  it  must  not  be  used  with  the 
basic  anilin  stains,  as  it  discolours  them.  For  these  auilin  oil  may  be 
used  with  xylol  in  the  place  of  carljolic  acid. 

Anilin  oil  clears  well  (it  will  clear  from  70  per  cent,  alcohol),  but 
imless  thoroughly  removed  the  preparation  becomes  yellowish-brown, 
see  §  134.  See  van  Gibson,  Amer.  Mon.  Mic.  Journ.,  1887,  p.  49,  or 
Journ.  Boy.  Mic.  Soc,  1887,  p.  519,  for  a  review  of  these  clearing  agents. 

Beech-wood  creasote  has  been  recommended  (by  M.  Flesch). 

Eycleshymer  (Amer.  Nat,  xxvi,  1892,  p.  354)  advises  a  mixture  of 
eciual  parts  of  bergamot  oil,  cedar  oil,  and  carbolic  acid. 
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For  oil  o£  cajepnt  see  §  129;  and  for  this  and  other 
clearers  see  also  JoRB^K,  Zeit.  wiss.  xv,  1898,  p  51 

who  recommends,  amongst  other  things,  oil  of  Linaloa,  which 
remains  colourless. 

The  Newer  Celloidin  Method. 
168  The  New  Method,  by  Clearing  before  Cutting^-This  pro- 
cess is  due,  I  believe,  in  the  first  instance  to  E.  Meyer 
Ztralt.,  X,  1890,  p.  508),  who  advised  -^^mg  Hocks  be 
catting  for  twenty-four  hours  m  glycerm.     Bumpus  [Ameu 
Anat    m  1892,  p.  80)  advises  clearing  the  mass,  after 
trdtning  n  chloroform,  with  white  oil  of  thyme  or  other 
sutue  daring  agent  (see  §  167)     The  ^-fe  . -^^^^^^^ 
the  clearing  oil,  and  the  same  oil  is  employed  for  coveung 
tt    exposed  su;face  of  the  ob3ect  after  each  cut     Simi  ar 
recommendations  are  made  by  Bvclkshymer  (op.  cU.,  pp.  354 
563).  carbolic  acid,  or  glycerin,  or  the  mixture  given  §  167 
being  suggested  for  clearing;  and  Gilson  has  for  a  long 
tre'pasf  adopted  the  practice  of  clearing  before  cutting 
with  cedar  oil,  as  described  in  the  next 

vZ  iloc  cit  §  167)  also  advocates  the  practice  of  clear- 
in  J  rthm^s  Lommending  the  cleaning  mixtui.  there 
g"?en     Similarly  Gage,  Trans.  Amer.  M^lc.  Soc,  xvu,  1896, 

in  "the  authors  above  quoted  cat  in  the  wet  way,  that  is 
to  say,  with  a  knife  wetted  with  the  clearing  hquid. 

169  GiLSON's  Rapid  Process  (communicated,  April,  1892) 
Z  obTect  is  deliydrated,  soaked  in  ether,  and  brought 

"to  a  testlbe  with  collodion  or  thin  celloidm  solution. 

The  tube  t  dipped  into  a  bath  of  melted  paraffin,  and  the 

mmmm 

plearine  will  not  be  necessai7  if  it  has  ueen  ad 

^L"ur!).    It  may  now  be  fixed  in  the  microtome  and  cut, 
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using  cedar  oil  to  wet  the  knife,  and  cover  the  exposed 
surface  of  the  object  after  each  cut. 

This  process  is  very  much  more  rapid  than  the  old  process: 
small  objects  can  be  duly  infiltrated  in  an  hour,  where  days 
would  be  required  by  the  old  process.  As  collodion  boils  at 
a  very  low  temperature  very  little  heat  is  required,  and  there 
is  no  risk  of  the  tissues  suifering  on  that  head. 

170.  The  Dry  Cutting  Method.— I  recommend  the  following 
as  a  further  improvement.    Infiltrate  with   collodion  or 
celloidin  either  by  Gilson's  process,  or  by  soaking  in  the 
cold  in  the  usual  way,  §  159.    Imbed  as  usual.     Harden  in 
vapour  of  chloroform  for  from  one  hour  (generally  suflRicient 
for  small  objects)  to  overnight.    This  is  done  by  putting  the 
object  (definitively  imbedded  in  the  final  thick  solution,  but 
without  any  preliminary  hardening  in  the  air)  into  a  Steinach's 
sieve-dish  or  into  a  desiccator,  on  the  bottom  of  which  a  tea- 
spoonful  of  chloroform  has  been  poured.     (The  objects  may 
remain  for  months  in  the  chloroform  vapour  if  desired.)  As 
soon  as  the  mass  has  attained  sufficient  superficial  hardness, 
it  is,  of  course,  well  to  turn  it  out  of  its  recipient,  and  turn 
it  over  from  time  to  time,  in  order  that  it  may  be  equally 
exposed  on  all  sides  to  the  action  of  the  vapour.  When  fairly 
hard  throw  it  into  Gilson's  mixture.    This  should  be  at  first 
a  mixture  of  one  part  of  chloroform  with  one  or  two  parts  of 
cedar  oil.    Fi'om  time  to  time  more  cedar  oil  should  be 
added,  so  as  to  bring  the  mixture  up  gradually  to  nearly  pure 
cedar  oil.     As  soon  as  the  object  is  cleared  throughout,  the 
mass  may  be  exposed  to  the  air,  and  the  rest  of  the  chloro- 
form will  evaporate  gradually.    The  block  may  now  either 
be  mounted  on  the  holder  of  the  microtome,  §  165,  and  cut 
at  once,  or  may  be  preserved  indefinitely  without  change  in 
a  stoppered  bottle.     Gut  dry,  the  cut  surface  will  not  dry 
mjuriously  under  several  hours.    The  cutting  quality  of  the 
mass  is  often  improved  by  allowing  it  to  evaporate  in  the  air 
for  some  hours. 

The  hardening  may  be  done  at  once  in  the  chloroform  and 
cedar  oil  mixture,  instead  of  the  chloroform  vapour,  but  I 
find  the  latter  preferable.  And  clearing  may  be  done  in 
pure  cedar  oil  instead  of  the  mixture,  but  then  it  will  be 
very  slow,  whereas  in  the  mixture  it  is  extremely  rapid. 

8 
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,r,-L     •     -M-.-h  ^uli  IPOl)  n  1S6)  soaks  and  imbeds  in  a 

wet  or  dry. 

fipp  also  TSCHEBNISCHBFF,  ibul.,  p.  4-49.  ,      n  q  „„„f 

TobdIn  Id  p.  193,  imbeds  in  a  mixture  of  5  parts  of  8  per  cent 

oi  cedar,  and  cuts  wet  or  dry. 

171  Double  Imbedding  In  Collodion  and  Paraffln.-Thie  i. 
171  Douoie  s^pWed  for  objects  ot  wliich  it  is  desired  to 

zTZ<S^£^^io:^^'^^   - "» 

''^K:™"S  (2c.-i.  iv,  1«87^  p.  «).-After 

°2Z:  tlL  t"  ~°tbtn  «.«  0,  and  lastly  into  a  bath  o,  pure 

T.:^"„ass  »i.7,>«  p-™?  'IS;  rr;:;r  e:;«5888, 
^  /™rii^«  *e%^"irbVs^^iX  e^».o-  -  *e 

T.!?^o'riXl"  W«n  ---- *  '-iit  tt.  o. 

Jordan,  after  imbedding  as  m  last  §,  passes  tnroug 
paraffin  dissolved  in  chloroform  into  pure  par^n.  i.^,  f^Howing 

WILHBLMI  (J^auna  J'Zora  Gof/.  ^^^^ST^^'C^  then  adds  benzol 
ApiTHT,  imbeds  in  celloidin,  hardens  m  ^^^l^^^^' ^^A^^^^^^^^  an 
t  the  chloroform,  and  passes  through  pure  benzol  (half  an  hour 
hour)  into  paraffin,  and  cuts  dry.  ions  of) 

Similarly,  B..o™»,  ^"^^^taTJ'fo  *  o'o'i  tli«,  days  in 

"•i:rro^il"t;::!i^^^^^^^^^  is^s,  p.^,. s«nssow. 
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Mitth.  Zool.  Stat.  Neapel,  xii,  1896,  p.  353 ;  Meyer,  ibid.,  xiv,  1901,  p. 
295  ;  MiTEOPHANOW,  ^rc/t.  Zool.  Exper.  [3],  3,  1896,  p.  617  ;  Federici, 
Anut.  Anz.,  xsxi,  1907,  p.  602  ;  Bordage,  Bull.  Sci.  France  JBdg.,  xxxix, 
1905,  p.  385;  Gandolfi,  Zeit.  wiss.  Mile,  xxv,  1909,  p.  421;  Mayer, 
ibid.,  xxiv,  1907,  p.  132. 

Other  Cold  Masses. 

172.  Joliet's  Gum  and  Glycerin  Method  {Arch.  Zool.  Exjoer.  el 
Gen.,  X,  1882,  p.  xliii). — Pure  gum  arabic  dissolved  in  water 
to  tlie  consistencj  of  a  tliick  syrup.  Pour  a  little  of  the 
solution  into  a  watcli-glass,  and  add  from  6  to  10  drops  of 
pure  glycerin.  In  the  winter  or  in  rainy  weather  less 
glycerin  should  be  taken  than  in  the  summer  or  dry  weather. 

The  object  is  imbedded  in  the  mass  in  the  watch-glass 
and  the  whole  left  to  dry  for  from  one  to  four  days.  When 
it  has  assumed  a  cartilaginous  consistency,  a  block  contain- 
ing the  object  is  cut  out,  turned  over,  and  allowed  to  dry 
again  until  wanted  for  use.  A  stove,  or  the  sun,  may  be 
employed  for  drying,  but  it  is  best  to  dry  slowly  at  the 
normal  temperature. 

173.  Stricker's  Gum  Method  {Hdb.  d.  Gewebel.,  p.  xxiv).— A  con- 
centrated solution  of  gum  arabic.  The  object  is  imbedded  in  the  gum 
in  a  paper  case.  The  whole  is  thrown  into  alcohol,  and  after  two  or 
three  days  may  he  cut.  The  alcohol  should  be  of  about  80  per  cent 
(Mayer). 

^  1  have  seen  Aasses  of  sufficiently  good  consistency  prepared  by  this 
simple  method. 

174.  Robertson's  Grape-sugar  Method,  see  Journ.  of  Anat.  and 
Phy.nol.,  xxiv,  1890,  p.  230. 

175.  Hyatt's  Shellac  Method,  see  Am.  M.  Mic.  Journ.,  i,  1880,  p.  8; 
Journ.  Soy.  Mic.  Soc,  iii,  1880,  p.  320.  For  sections  through'  hard 
chitmous  organs  consisting  of  several  pieces,  such  as  stings  and  ovi- 
positors, retaining  all  the  parts  in  their  natural  positions. 

176.  Bkunotti's  Cold  Gelatin  Mass  has  been  given,  §  155. 

Masses  for  Grinding  Sections.* 
177.  G.  voN  Kocn's  Copal  Method  {Zool.  Anz.,  i,  1878,  p. 
36).— Small  pieces  of  the  object  are  stained  in  bulk  and 

*  For  the  manipulations  of  section-grinding,  see  Carpenter's  The 
Microscope. 
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dehydrated  with  alcohol.    A  thin  solution  of  copal  in  chlovo- 
fovrn  is  prepared  by  triturating  small  fragments  of  copal  m  a 
mortar  with  fine  sand,  pouring  on  chloroform  to  the  powder 
thus  obtained  and  filtering.     The  objects  are  brought  into 
a  capsule  filled  with  the  copal  solution.    The  solution  is  now 
slowly  evaporated  by  gently  heating  the  capsule  on  a  tile  by 
means  of  a  common  night-light  placed  beneath  it.    As  soon 
as  the  solution  is  so  far  concentrated  as  to  draw  out  into 
threads  that  are  brittle  after  cooling,  the  objects  are  removed 
f.oin  the  capsule  and  placed  to  dry  for  a  few  days  on  tlie  ile 
in  order  that  they  may  more  quickly  become  hard.  When 
they  have  attained  such  a  degree  of  hardness  that  they  cannot 
be  indented  by  a  finger-nail,  sections  are  cut  from  them  by 
Jeans  of  a  ^le  saw.     The  sections  are  -^^^^d  down  e.^^^^ 
and  smooth  on  one  side  with  a  hone,  and  f  '  ^^^^^  ^ 

side  downwards,  to  a  slide,  by  means  either  of  Canada  balsani 
or  copal  solution.  The  slide  is  put  away  for  a  few  dajjs  mo  e 
on  the  warmed  tile.  As  soon  as  the  cement  is  perfectly  haid 
Z  sections  are  rubbed  down  on  a  grindstone,  ^^^^ 
hone,  to  the  requisite  thinness  and  polish,  washed  with  watei, 

and  mounted  in  balsam.  i^beddinR-  the  objects 

The  process  may  be  varied   by  imbeaamg   w  j 
„,  uL' ,  reB,ovi„g  the  copal  from  t,,e  '^''^'^XT^ZI 
in  cMoroform,  deoalcifjing  them  if  neoessavy,  ard  thet 

staining.  ,.un  -iftpr  remo¥inff  the  copal,  to 

It  is  sometimes  a  good  iJlan,  .itter  lemoT   b  r 

cement  a  section  to  a  slide  by  of  Te  spec  men 

then  decalcify  cantiously  the  exposed  half  of  the  specimen, 

"tCtt!  was  invented  in  ordei-  to  enable  the  havd  and 
sofl  parof  corals  to  be  studied  in  theii-  natural  relations, 
and  is  valuable  for  this  and  similar  pm-poses. 

178.  E„K.»B*™'s  Colophoni.m  and  Wax  Method  «... 

^Tt?n*^r!f"ci;wrr:;;"of\r  The 

rSntf::/:^es  the  m'-ass  less  b*,e^^  S^^^^^^^^^ 

179  JoH»sTO«K-L«rs  and  Vosmak.'s  Balsam  Method  (Z™". 
B  "  «'!Z,  1887,  p.  200).-Alcohol  material  is  carefully 
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and  gradually  saturated,  first  with  benzol,  and  tlion  with  thin 
and  thick  solution  of  benzol-balsam.  It  is  then  dried  for  a 
day  in  the  air  and  for  several  days  more  in  a  hot-air  batli. 
When  hard  it  is  ground  in  the  usual  way. 

180.  Weil's  Canada  Balsam  Method,  see  Zeit.  wis?.  Mile,  v,  1888, 
p.  200. 

181.  Giesbeecht's  Shellac  Method. — For  hard  parts  only,  spines 
of  E:hiims,  shell,  etc.,  see  Morph.  Jahrb.,  vi,  1880,  p.  95,  or  the  abstract 
in  Lee  und  Mayee,  Gnmdziige. 

Congelation  Masses.  • 

182.  The  Methods  of  Freezing.— For  the  requisite  manipula- 
tions, and  means  of  producing  the  requisite  degree  of  cold, 
see  Carpenter's  The  Microscope  (ether  spray)  ;  Johne,  Zeit. 
wiss.  Mih.,  xiv,  1897,  p.  370  (liquid  carbonic  acid)  ;  Wolff, 
ibid.,  XXV,  1908,  p.  175  (ethyl  chloride) ;  Kuadse,  ibid., 
p.  289  (solid  carbonic  acid)  ;  Jdng,  Verli.  Ges.  Naturf.  Aertze, 
Ixix,  1898,  p.  129  (ethyl  chloride);  Brisst,  G.  B.  8oc.  Biol, 
Ixii,  1907,  p.  1115  (liquid  air). 

Fresh  tissues  may  be,  and  are,  frequently  frozen  icitJioiit 
tieiiig  included  in  any  mass.  But  the  formation  of  ice 
crystals  fi-equently  causes  tearing  of  delicate  elements,  and 
it  is  better  to  infiltrate  the  tissues  with  a  mass  that  does  not 
crystallise  in  the  fi-eezing  mixture,  but  becomes  simply  hard 
and  tough,  such  as  one  of  those  given  below. 

When  sections  have  been  obtained,  it  is  difficult  to 
manipulate  them.  Olt  [Zeit.  tciss.  Mih.,  xxiii,  1906,  p.  327) 
puts  them  into  a  1  per  cent,  solution  of  gelatin,  brings  them 
therein  on  to  a  slide,  hardens  for  an  hour  in  vapour  of 
formaldehyde,  and  soaks  for  a  few  minutes  in  formol  of  10 
per  cent.  Anitschkow  [ibid.,  xxvii,  1910,  p.  73)  puts  them 
into  alcohol  of  50  per  cent.,  gets  them  on  to  a  slide  prepared 
with  Mayer's  albumin,  presses  down  with  paper,  puts  into 
alcohol  of  98  per  cent.,  and  thence  through  lower  grades 
into  water. 

183.  Gum  and  Syrup  Masses.— Hamilton  {Jonrn.  of  Anat. 
and  I'hys.,  xii,  1878,  p.  254)  soaked  tissues  in  syrup  made 
with  double  refined  sugar,  2  ounces  ;  water,  1  fluid  ounce  ; 


118  0HAPTI5U  IX. 

then  washed  the  superfluous  syrup  from  the  surface,  and 
put  into  ordinary  gum  mucilage  for  an  hour  or  so,  and  then 
imbedded  in  the  freezing  microtome  with  mucihage  in  the 

usual  way.  .  . 

Cole  {Methoch  of  Microscofical  Research,  1884,  p.  xxxix) 
takes  gum  mucilage  (B.  P.),  5  parts;  syrup,  3  parts.  (For 
brain  and  spinal  cord,  retina,  and  all  tissues  liable  to  come 
in  pieces  put  4  parts  of  syrup  to  five  of  gum.)  Add  5  grains 
of  pure  carbolic  acid  to  each  ounce  of  the  medium. 

(Gum  mucilage  [B.  P.]  is  made  by  dissolving  4  ounces  of 
picked  gum  acacia  in  6  ounces  of  water.  The  syrup  is  made 
by  dissolving  1  pound  of  loaf  sugar  in  1  pint  of  water  and 

boiling.)  -, 
The  freezing  is  conducted  as  follows  :-ihe  gum  and 
syrup  is  removed  from  the  outside  of  the  object  by  means  of 
a  cloth  ;  the  spray  is  set  going  and  a  little  gum  mucilage 
painted  on  the  freezing  plate;  the  object  is  placed  on  this 
and  surrounded  with  gum  mucilage  ;  it  is  thus  saturated  with 
gum  a,nd  syrup,  but  surrounded  when  being  frozen  with 
mucilage  only.  This  combination  prevents  the  sections  trom 
curling  up  on  the  one  hand,  or  splintering  from  being  too 
hard  frozen  on  the  other.  Should  freezing  have  been  earned 
too  far,  wait  for  a  few  seconds. 

Webb  {The  Microscope,  ix,  1890,  p.  344;  Journ.  Roy  Mc. 

8oc.,  J  890,  p.  113)  takes  thick  solution  of  dextrin  in  solution 

of  carbolic  acid  in  water  (I  in  40). 

184.  Gelatin  (Sollas,  Quart.  Jour, u  Mic.  SoC  '^^ir,  1884,  pp^l63 
164)     Gum  Gelatin  (Jacobs,  Amer.  ^cdur al  }885  'p.  White 
of  Egg  (ROLLETT,  Denslcschr.  .uUh.  naturu,.  Kl.  h.  Acad.  Wzss.  ^en 
1885%  it.  v^iss.  Mil..,  1886,  p.  92).-Small  portions  of  t-Bue  l^ougM  m 
Z  ;inte  of  a  freshly  laid  egg  on  to  the  freezmg  ^^^^^^^^'^^1:^ 
Oil  of  Aniseed  (Kuhne,  Centralh.f.  BuMeriol.,  xii,  1892,  p  28, 
on  °1  ^^^^^^    \  7Qg.  Y.  A.MOOBE,  Amer.  Hon.  Mic  Journ., 

Eo2/.  Ifzcr.  Soc    1892,p.  /Ub    v.^  Anethol  (anise 

1894,  p.  373;  Joura.  Boy.  Mc.  Soc  '  P"  "^^^ 

camphor),  Stepanow,  Zeit.  wiss.  Mih  xvu,  1900,  p.  181. 
Vnr  details  of  these  see  previous  editions. 

For  dIelken's  method  of  solidifying  formol  by  means  of  resorcm, 
see  Zeit.  wiss.  Mih.,  xiv,  1, 1897,  p.  33. 
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SERIAL  SECTION  MOUNTING. 

185.  Choice  of  a  Method. — I  recommend  the  following : — 
For  general  work  with  paraffin  sections,  the  comhined  water 
and  albumen  method,  §  188.  For  very  delicate  work,  the 
water  method.  For  collodion  sections,  the  albumen  method ; 
for  large  collodion  sections,  Graham  I^ekb's  seems  the  most 
convenient. 

Methods  for  Paraffin  Sections. 

186.  The  Water  or  Dessication  Method.— Gaule  {Arch.  Anat. 
Phys.,  Phys.  Abth.,  1881,  p.  156) ;  Suchannek  [Zeit.  wiss.  Mih., 
vii,  1891,  p.  464)  ;  Gdlland  {Journ.  Anat.  and  Phys.,  xxvi, 
1891,  p.  56) .;  ScHiEFFERDECKER  {Zeit.  iciss.  Mih.,  ix,  1892,  p. 
202)  ;  Heidenhain  {Kern  und  Protoplasma,  p.  114)  ;  Nusbaum 
{Anat.  Anz.,  xii,  2,  1896,  p.  52)  ;  Mayer  in  the  Grundziige, 
Lee  und  MAffER,  1898,  p.  113  ;  De  Groot  {Zeit.  wiss.  Mih., 
XV,  1898,  p.  62),  and  others. — The  principle  of  this  method 
is  that  the  sections  are  made  to  adhere  to  the  slide  without 
the  intervention  of  any  cementing  substance,  being  brought 
into  intimate  contact  with  the  glass  by  being  slowly  drawn 
down  by  the  evaporation  of  a  layer  of  water  on  which  they 
are  floated.  It  is  now  practised,  with  unessential  variations, 
as  follows : 

(a)  For  sections  that  are  large  and  not  numerous.  The 
sections  are  flattened  out  on  water  by  one  or  other  of  the 
processes  described  in  §  149.  The  slide  is  then  drained  and 
put  away  to  dry  until  every  trace  of  water  has  completely 
evaporated  away  from  under  the  sections.  This  drying  may 
be  performed  at  the  temperature  of  the  laboratory,  in  which 
case  many  hours  will  be  necessary  (to  be  safe  it  will  genei'ally 
be  necessary  to  leave  the  sections  overnight) .     Or  it  may  be 
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performed  in  a  stove  or  on  a  water-batli  at  a  temperature  a 
few  degrees  below  tlie  melting-point  of  the  paraffin  (best  not 
above  40°  0.),  in  wliicb  case  fixation  will  be  much  more  rapid, 
large  thin  sections  being  often  sufficiently  fixed  in  an  hour, 
though  thick  ones  will  require  half  a  dozen  hours  or  more. 
The  paragin  must  not  he  allowed  to  melt  before  the  sections  are 
perfectly  dry,  the  sections  are  sure  to  become  detached  if  it 
does.     Perfectly  dry  sections  have  a  certain  brilliant  trans- 
parent look  that  is  easily  recognisable.     As  soon  as  dry  the 
paraffin  may  be  removed  and  they  may  be  further  treated 
as  desired.     To  remove  the  paraffin  all  that  is  requisite  is 
to  put  the  slide  into  a  tube  of  xylol  or  other  good  solvent, 
which  in  a  few  seconds,  or  minutes  at  most,  removes  the 
paraffin  perfectly.     Most  workers  first  melt  the  paraffin,  but 
I  find  this  is  not  necessary. 

[b)  For  series  of  numerous  small  sections.     Clean  a  slide 
perfectly,  so  that  water  will  spread  on  it  without  any  tendency 
to  run  into  drops  (see  below).     Breathe  on  it,  and  with  a 
brush  draw  on  it  a  streak  of  water  as  wide  as  the  sections 
and  a  little  longer  than  the  first  row  of  sections  that  it  is 
intended  to  mount.    With  a  dry  brush  arrange  the  first  row 
of  sections  (which  may  be  either  loose  ones  or  a  length  of  a 
ribbon)  on  this  streak.     Breathe  on  the  slide  again,  draw  on 
it  another  streak  of  water  under  the  first  one  and  arrange 
the  next  row  of  sections  on  it,  and  so  on  until  the  slide  is 
full     Then  breathe  on  the  slide  again,  and  with  the  brush 
add  a  drop  of  water  at  each  end  of  each  row  of  sections,  so 
as  to  enable  them  to  expand  freely;  then  warm  the  slide  so 
as  to  flatten  out  the  sections,  taking  care  «oi  Jo  melt  the 
varaMn.     Some  persons  do  this  by  holding  it  over  a  small 
flame  for  a  few  seconds.     I  prefer  to  lay  it  on  a  slab  of 
thick  glass,  warmed,  watching  the  flattening  of  the  sections 
through  a  lens  if  necessary.    As  soon  as  they  are  perfectly 
flat,  draw  oiS  the  excess  of  water  from  one  comer  of  the 
mount  with  a  dry  brush,  and  put  aside  to  dry  as  before  (a). 

In  order  to  succeed  in  this  method  it  is  absolutely  essential 
that  the  sections  be  perfectly  expanded  and  come  into  close 
contact  with  the  slide  at  all  points.  And  to  ensure  this  it 
is  necessary  that  the  slide  should  be  perfectly  free  from 
grease,  so  that  the  water  may  wet  it  equally  everywhere. 
The  test  for  this  is,  firstly,  to  breathe  on  the  slide;  the 
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moisture  from  the  breatli  should  condense  on  it  evenly  all 
over,  and  disappear  evenly.  Secondly,  streaks  of  water 
drawn  on  it  with  a  brush  should  not  run.  To  obtain  a  slide 
that  will  fulfil  these  conditions,  clean  it  well  in  the  usual 
way,  place  a  drop  of  water  on  it  and  rub  it  in  thoroughly 
with  a  damp  cloth  and  try  the  tests.  If  this  does  not 
suffice,  take  a  turn  of  a  corner  of  the  cloth  round  a  finger 
and  rub  it  with  a  piece  of  chalk,  then  damp  the  cloth  and 
rub  the  slide  with  it,  finishing  up  with  a  clean  part  of  the 
cloth  and  clean  water  (De  Groot,  loc.  cit.  supra).  If  after 
performing  this  operation  twice  the  slide  still  refuses  to  take 
the  water  thoroughly,  it  should  be  rejected  as  incorrigible  ; 
for  there  are  apparently  some  sorts  of  glass  that  can  never 
be  got  to  wet  properly.  Mayer  finds  carbonate  of  magnesia 
or  soda  useful. 

GuDEENATSCH  {Zeit.  wiss.  Mih\,  xxiv,  1908,  p.  358)  washes 
the  slide  well  wdth  potash  soap,  and  arranges  the  sections 
on  it  whilst  still  wet.  Hellt  {ibid.,  1906,  p.  330)  passes  it 
two  or  three  times  over  the  flame  of  a  Bunsen  burner. 

Tap  water  seems  preferable  to  distilled  water  •  it  seems  to  spread 
better  and  give  a  stronger  adhesion.  Ntjsbatjm  adds  a  ti'ace  of  gum 
arable  (one  or  two  drops  of  mucilage  to  a  glass  of  water) ;  Apathy 
{Microtechnik,  p.  126)  adds  1  per  cent,  of  Mayer's  albiunen  (§  187) ;  and 
Henneguy  {Lefons  sur  la  Cellule,  1896,  p.  62)  takes  a  1 : 5000  solution 
of  gelatin,  with  a  trace  of  bichromate  of  potash,  added  just  before 
using,  and  dries  the  slides  exposed  to  light.  Similarly,  Bxtechaedt 
(Jena  Zeit.,  xxxiv,  1900,  p.  719). 

Some  workers  have  used  alcohol  (50  per  cent,  or  70  per  cent.)  instead 
of  water ;  but  this  I  believe  to  be  now  generally  abandoned. 

This  is  the  most  elegant  method  of  any,  as  there  is 
nothing  on  the  slide  except  the  sections  that  can  stain,  or 
appear  as  dirt  in  the  mount.  Tissues  do  not  suffer  from 
the  drying,  provided  the  material  has  been  properly 
imbedded.  Sections  stick  so  fast  by  this  method  that  ihej 
will  stand  watery  or  other  fluids  for  weeks,  so  long  as  they 
are  not  alkaline.  When  successfully  pei'formed  it  is  quite 
safe,  provided  that  the  sections  are  of  a  suitable  nature. 
They  must  be  such  as  to  afford  a  sufficient  continioous 
surface,  everywhere  in  contact  with  the  slide.  Sections  of 
parenchymatous  organs  stick  well ;  sections  of  thin-walled 
tubular  organs  stick  badly.     Sections  of  chitinous  organs 
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ave  very  unsafe.  Tlie  larger  and  thinner  sections  are,  the 
better  do  they  stick,  and  vice  versa.  Sections  from  chromic 
or  osraic  material  adhere  less  well  than  sections  from  alcohol 
or  sublimate  material. 

By  takms  a  staining  solution  instead  of  pure  water  for  expanding 
J  sec        can  he  got' o  stain  at  the  same  tiine,  and  bo  be  1-^^^^^ 
balsam  without  passing  through  alcohol ;  see  Mayeb,  MUth.  ZooL  .Sja  • 
Nea^l,  xii,  1896!  p.  320  ;  Schmobl,  Paik.-Ust  U.^ersucM^^^^^^^ 
1897,  p.  38  ;  Smith,  Journ.  Anat.  Phys.,  xxxiv,  1899,  p.  lt>l. 

187  Mayer's  Albumen  {Mitth.  Zool.  Stat.  Neapel,  iv,  1883; 
Internat.  Monatschr.f.  Anal.,  W,  1887,  p.  42).--White  of  egg 
50  c.c. ;  glycerin,  50  c.c. ;  salicylate  of  soda,  1  grm  fehake 
hem  w'elt  together,  and  filter  into  a  clean  bottle     Tlie  fi  ter 
ing  may  take  days  or  a  week,  but  the  preparation  does  not 

FRrrTTE'sl'iakes  up  the  albumen  with  a  few  drops  of 
acetic  acid  before  adding  the  other  mgredients,  and  finds 
the  filtering  greatly  quickened.     So  do  I.    Be  careful  with 

thin  layer  of  the  mixture  is  spread  on  a  slide  with 
a  fine  brush  and'well  rubbed  in  with  the  finger  (I  prefer  a 
small  rubber  "  squeegee  ") .  The  sections  are  laid  on  and 
pressed  down  lightly  with  a  brush  (if  ^^^^^ 
The  slide  may  then  be  warmed  for  some  minutes  on  a  watex 
bath  and  the  paraffin  removed  with  a  solvent 

It  IS  noi  nLsary  to  warm  the  slide  at  .n-  thci^affin 
can  I   removed  in  the  cold  if  desired  by  putting  the  slide  nito 
to  uol  xylol,  or  the  like.     But  the  slide  must,  in  any  case, 
tt:Z^:ith  alcohol  after  removal  of  the  paraftn,  in  orde 
to  get  rid  of  the  glycerin,  which  will  cause  cloudiness  if  not 

^Ihfs  mlthllws  of  the  staining  of  sections  on  the  slide 
with  perfect  safety,  both  with  alcoholic  and  aqueous  stains, 
^-.vnvidpd  thev  be  oiot  alhalinc.  ,    n  •  ; 

'  According  to  my  experience,  the  albumen  method  is  also- 
Z^itr'af    provided  that  aUcaline  fluids  he  avoM  in  th 

f  e  treatment      It  has  the  defect  that  certain  plasma 
aiter-tieatmeiiL.     -l  .    \       i        fi^o    nll->nmen  very 

are  not  expanded  by  it. 
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It  sometimes  happens  that  tlic  mixture  after  it  lias  stood 
for  some  time  becomes  turbid,  and  at  last  coagulates,  pass- 
ing into  a  caseous  state ;  or  it  may  undergo  a  hyaline 
coagulation,  drying  np  like  amber.  But  up  to  the  very  last 
it  does  not  in  general  lose  its  adhesive  properties.  I  have, 
however,  found  it  to  do  so,  after  keeping  for  five  or  six 
years,  so  that,  to  be  on  the  safe  side,  it  may  be  well  to  make 
it  up  fresh  every  six  months. 

Heidenhain  {Zeit.  wiss.  Mikr.,  xxii,  1905,  p.  331)  makes  it 
up  with  1  grm.  of  blood  albumen  dissolved  in  25  c.c.  of  water, 
and  an  equal  volume  of  50  per  cent,  alcohol. 

188.  The  Albumen  and  Water  Method  (Henneguy,  Journ.  de 
I'Anat.  et  de  la  Pltysiol.,  1891,  p.  398). — A  drop  oE  water  is 
spread  on  a  slide  painted  with  Mayer's  white-of-egg  mixture, 
the  sections  are  arranged  on  it,  the  whole  is  warmed  {not  to 
the  melting-point  of  the  paraffin)  until  the  sections  flatten 
out ;  the  water  is  then  evaporated  ofl:  at  a  temperature  of 
about  40°  C,  and  as  soon  as  it  has  sufficiently  disappeared, 
which  at  that  temperature  will  be  in  about  ten  to  fifteen 
minutes,  the  slide  is  further  treated  as  described  last  §. 

This  is  a  most  valuable  method.  It  is  quicker  than  the 
water  method,  and,  for  difficult  material,  safer. 

See  also  Ohlmachee,  Joum.  Avier.  Med.  Assoc.,  April,  1893. 

Tlie  so-called  Japanese  "  method,  attributed  to  Ikeda  by  Reinke 
{Zeit.  loiys.  Mile,  xii,  1895,  p.  21),  is  merely  that  of  Henneguy. 

Mann  {Avat.  Anz.,  viii,  1893,  p.  442)  shakes  np  white  of  egg  with 
■water,  coats  slides  with  it  and  dries  them.  He  flattens  sections  on  water 
at  40°  C,  lifts  them  out  on  a  prepared  slide,  and  dries  for  five  minutes 
at  35°  C. 

189.  Garlic-water.— HoLLANDE  [Arch.  d'Anat.  Micr.,  xiii,  1911,  p. 
171)  gives  the  following  as  more  adhesive  than  allmmen : — 50  g.  of  crushed 
and  chopped  garlic  are  ja;bbed  up  with  80  c.c.  of  chloroform-water 
(Codex,  A.O.)  and  filtered  after  twenty-four  hoiirs.    Use  as  albumen. 

180.  Schallibaum's  Collodion  [Arch,  viih:  Anat.,  xxii,  1883,  p.  565). 
— One  part  of  collodion  shaken  up  with  3-4  parts  of  clove  or  lavender 
oil.  Use  as  albumen.  Sections  can  be  treated  with  alcohol  (not  absolute) 
and  divers  staining  fluids.  I  do  not  find  it  safe  for  this.  Rabl,  how- 
ever {Zeit.  wiss.  Mile,  xi,  1894,  p.  170),  finds  that  it  is  if  you  take  2  parts 
of  collodion  to  3  of  clove  oil,  and  make  up  fresh  every  four  or  five  days. 
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191    Obkegia's  Method  for  Paraffin  or  Celloidia  Ssctions 

lNe,nroloyisches  Gentralb.,  ix,  1890,  p.  295;  auLl.ANi),  Joam. 
of  Path.,  February,  1893).— Slides,  or  glass  plates  of  any 
size,  are  coated  with  a  solution  made  of— 
Syrupy  solution  of  powdered  candy- 
suffar  made  with  boiling  distilled 

water  30 

95  per  cent,  alcohol       .         .        .     20  „ 
Transparent  syrupy  solution  of  pure 
dextrin  made  by  boiling  with  dis- 
tilled water       .        •        •        '  "  , 
They  are  dried   slowly  for  two  or  three  days  until  the 
surface  is  just  sticky  to  the  moist  finger.    Paraffin  sections 
are  arranged  and  heated  for  a  few  minutes  to  a  temperature 
slightly  above  the  meltmg-point  of  the  paraffin,     rhe  paraffin 
is  removed  by  some  solvent,  and  this  in  turn  by  absolute 
alcohol.    The  alcohol  is  poured  off,  and   the  sections  are 
covered  with   solution  of  celloidin.    The  plates  are  left  to 
evaporate  for  ten  minutes  in  a  horizontal   position  then 
brought  into  water,  in  which  the  sheet  of  cello.din  with  the 
sections  soon  becomes  detached,  and  may      further  treated 
as  desired,         as  in  Weigert^s  process,  §  198.     The  evapo- 
ration must  not  be  artificially  hastened. 

DiMMEB  {Zdt.  wus.  Mile,  xvi,  1899,  p.  44)  coats  the  slides  with  a 
soluiL  of  about  16  parts  of  gelatin  in  300  of  wai;m  water,  and  dues 
them  (two  days),  and  proceeds  in  other  respects  as  ahove. 

A  o-ood  method  for  large  sections,  equally  applicable  to 
paraffin  sections,  to  celloidin  sections,  and  to  sections  of 
material  that  has  not  been  imbedded  at  all. 

For  BLOCHMAN's  modification  of  Weigert's  process  by  means  of 
whici  large  sections  can  be  preserved  un.uoanted,  see  ZeU.  wzss.  i^f^L, 
xiv,  1897,  p.  189. 

192.  Stbassek's  Collodion  Paper  Method  (ibid^  Hi,  P  _346)^- 
This  is  an  extremely  -mi« 

celloidin  sections,  and  is  only  ^^^P<^^J.;°\}!^^!'':  ,^  o.r  .  ^i  1889  p.  154 ; 

ribbon-microtome.   See Znt.  v.lss.  M^lc 

vii,  1890,  pp.  290  and  304;  ix,  1892,  p  8  ; 

p.  39;  also  ScHOENBMANN,  ibid.,  XIX,  l^*^-^'  " 

p.  337  ;  and  Ruppkicht,  ibid.,  xxvui,  1912,  p. 
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Methods  for  Watery  Sections. 

193.  Foj/s  Gelatin  (Fol,  Lehrb.,  p.  132). — Four  grammes 
of  gelatin  are  dissolved  in  20  c.c.  of  glacial  acetic  acid  by 
lieating  on  a  water-batli  and  agitation.  To  5  c.c.  of  the 
solution  add  70  c.c.  of  70  per  cent,  alcohol  and  1  to  2  c.c.  of 
5  per  cent,  aqueous  solution  of  chrome-alum.  Pour  the  mix- 
ture on  to  the  slide  and  allow  it  to  dry.  In  a  few  hours  the 
gelatin  passes  into  the  insoluble  state.  It  retains^  however, 
the  property  of  swelling  and  becoming  somewhat  sticky  in 
presence  of  water.  The  slide  may  then  be  immersed  in 
water  containing  the  sections  ;  these  can  be  slid  into  their 
places,  and  the  whole  lifted  out;  the  sections  will  be  found 
to  be  fixed. 

This  method  is  specially  intended  for  sections  made  under 
water,  large  celloidin  sections  amongst  others. 

Similarly,  Rdppkicht,  loc.  cit.,  last  §,  with  the  needless  com- 
plication of  a  seriation  on  Strasser's  collodionised  paper. 

Stbasser  [loc.  cit.,  last  §)  also  employs  a  dry  gelatin  film 
which  he  makes  sticky  by  means  of  carbol-xylol. 

Methods  for  Celloidin  Sections. 

194.  The  Albumen  Method. — I  find  that  celloidin  sections 
may  be  mounted  on  Mayer's  albumen,  and  have  the  celloidin 
removed,  if  flesired,  by  putting  them  into  ether-alcohol. 
Care  must  be  taken  to  press  them  down  very  thoroughly 
on  to  the  albumen  ;  and  it  is  well  not  to  have  them  too  wet. 

Similarily  Jordan  {Zeit.  tviss.  Mik.,  xv,  1898,  p.  54),  and 
Argdtinsky,  ibid,  xvii,  1900,  p.  37.  See  also  .Jordan  [ibid., 
192-194) ;  Dantschakoit,  ibid.,  xxv,  1908,  p.  35 ;  Maximow, 
ibid.,  xxvi,  1909,  p.  184  ;  Anitschkow,  ibid.,  xxvii,  1910, 
p.  68  ;  Weber,  ibid.,  xxix,  1912,  p.  186  ;  Eubaschkin,  Anat. 
Anz.,  xxxi,  1907,  p.  30.  Weber  paints  over  the  series  on 
the  albumen  with  a  layer  of  thin  collodion,  and  puts  into 
alcohol  of  50  per  cent.,  then  into  a  mixture  of  equal  parts  of 
chloroform  and  absolute  alcohol.  After  staining,  pui-e 
absolute  alcohol  must  be  avoided. 

195.  Summers'  Ether  Method  [Amer.  Man.  Mic.  Journ.,1887, 
p.  73). — Place  the  sections  in  95  per  cent,  alcohol  for  a 
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minute  or  two,  arrange  on  the  slide,  and  then  pour  over  the 
sections  sulphuric  ether  vapour,  from  a  bottle  partly  full  of 
liquid  ether.  The  colloidin  will  immediately  soften  and 
become  perfectly  transparent.  Place  the  slide  in  80  per 
cent,  alcohol,  or  even  directly  in  95  per  cent,  if  desired.  I 
have  not  myself  found  this  method  safe. 

Instead  of  pouring  the  ether  vapour  over  the  slide,  it  may, 
of  course,  be  treated  with  ether  vapour  in  a  preparation  glass 
or  similar  arrangement,  which  I  think  preferable. 

Gage  {Proc.  Amer.  Soc.  Mic,  1892,  p.  82)  advises  that  the 
slide  be  one  that  has  been  previously  coated  with  a  O  o  per 
cent,  solution  of  white  of  egg  and  dried;  the  collodion 
adheres  much  more  strongly  to  an  albuminised  surface. 

AUBTTBTIN  {Anat.  Anz.,  xiii,  1897,  p.  90)  arranges  on  a  clean  slide, 
dehydrates  the  sections  with  blotting-paper  and  treatment  with  absolute 
alcohol,  then  drops  on  to  them  a  mixtiu-e  of  alcoho  ^th- ^^^^ 
dissolves  out  the  celloidin  from  the  sections,  then  allows  ^he  thin  coh 
lodion  thus  formed  to  evaporate  into  a  thm  sheet  on  the  slide.  Then 
70  per  cent,  alcohol  and  other  desired  reagents. 

Similarly,  Maier  {Munch,  oned.  Wochenschr.,  Un,  1910,  No.  12  ;  Zezi. 
wiss.  Mile,  xxvii,  1910,  p.  385),  hut  adding  a  treatment  for  ten  to  fifteen 
minutes  with  sulphide  of  carbon. 

See  also  Myebs,  Arch.  Anat.  Phys.,  Anat.  Abth.,  1902,  p.  371  (com- 

plicated). 

196  Apathy's  Oil  of  Bergamot  Method  {Mitth.  Zool.  Stat. 
Neapel,  1887,  p.  742  ;  Zeit.  wiss.  Mile,  v,  1888,  pp.  46  and 
360,  and  vi,  1889,  p.  167).-Cut  with  a  knife  smeared  with 
yellow  vaseline  and  wetted  with  95  per  cent,  alcohol.  Float 
the  sections,  as  cut,  on  bergamot  oil  (must  be  green,  must  mix 
perfectly  with  90  per  cent,  alcohol,  and  must  not  smell  ot 
turpentine),  or  on  carbolxyol  {Mikrotechnik,  p.  176)  The 
sections  flatten  themselves  out  on  the  surface  of  the  oil ;  and 
are  then  transferred  to  a  slide  which  (Apathy,  Mikrotechuk 
pp.  127  and  176)  has  been  previously  collodionised  and 

"^"n  the  sections  are  to  be  stained,  the  slide  after  removal 
of  the  bergamot  oil,  by  a  cigarette  paper,  is  exposed  for 
a  few  minutes  to  the  vapour  of  a  mixture  o  ether  and 
alcohol,  then  brought  into  90  per  cent,  alcohol,  and  after 
a  quarter  of  an  hour  therein  may  be  stained  in  any  fluid 
that  contains  70  per  cent,  alcohol  or  more. 
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IE  it  be  desired  to  stain  in  a  watery  fluidj  cave  must  have 
been  taken  when  arranging-  the  sections  to  let  the  colloidin 
of  each  section  overlap  that  of  its  neighbonrs  at  the  edges, 
so  that  the  ether  vapour  may  fuse  them  all  into  one  con- 
tinuous plate.  This  will  become  detached  from  the  slide  in 
watery  fluids,  and  may  then  be  treated  as  a  single  section. 
Terpinol  may  be  taken  instead  of  bergamot  oil. 

197..  Apathy's  Series-on-the-Knife  Method  {Zeit.  wiss.  Mile, 
vi,  1888,  p.  168). — I'he  knife  is  well  smeai'ed  with  yellow 
vaseline,  rubbed  evenly  on,  and  is  wetted  with  alcohol  of 
70  to  90  per  cent.  As  fast  as  the  sections  are  cut  they  are 
drawn  with  a  needle  or  small  brush  to  a  dry  part  of  the 
blade,  and  there  arranged  in  rows,  the  celloidin  of  each 
section  everlapping  or  at  least  touching  that  of  its  neighbours. 
When  a  series  (or  several  series,  if  you  like)  has  been  thus 
completed,  the  sections  are  dried  by  laying  blotting-paper 
on  them,  and  the  series  is  painted  over  with  some  of  the 
thinnest  celloidin  solution  used  for  imbedding,  is  allowed  to 
evaporate  for  five  minutes  in  the  air,  and  the  knife  is  then 
removed  and  brought  for  half  an  hour  into  70  per  cent, 
alcohol.  This  hardens  the  celloidin  around  the  sections  into 
a  continuous  lamella,  which  can  be  easily  detached  by  means 
of  a  scalpel,  and  stained,  or  further  treated  as  desired. 

198.  Weig^Iet's  Collodion  Method  {Zeit.  wiss.  Mih\,  1 885, 
p.  490). — Slides,  or  larger  plates  of  glass,  are  prepared  by 
coating  them  with  collodion  in  a  thin  layer,  as  photographers 
do,  and  allowing  them  to  dry  (they  may  be  kept  thus  in 
stock).  Sections  (cut  wet  with  alcohol)  are  got  on  to  one  of 
these  (by  a  roundabout  process,  not  essential),  and  arranged 
in  order,  and  gently  pressed  down  with  paper. 

Now  remove  with  blotting-paper  any  excess  of  alcohol 
that  may  remain  on  or  around  the  sections,  pour  collodion 
over  them,  and  get  it  to  spread  in  an  even  layer.  As  soon 
as  tliis  layer  is  dry  at  the  surface  you  may  write  any  necessary 
indications  on  it  with  a  small  brush  charged  with  methylen 
blue  (the  colour  will  remain  fast  throughout  all  subsequent 
manipulations). 

The  plate  may  now  be  either  put  away  till  wanted  in  80 
per  cent,  alcohol,  or  may  be  brought  into  a  staining  fluid. 
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The  watery  fluid  causes  the  double  sheet  of  collodion  :  to 
become  detached  from  the  glass,  holding  the  sections  fast 
between  its  folds.  It  is  then  easy  to  stain,  wash,  dehydrate, 
and  mount  in  the  usual  way,  merely  taking  care  not  to  use 
alcohol  of  more  than  90  to  96  per  cent,  for  dehydration 
Weigert  recommends  for  clearing  the  mixture  of  xylol  and 

carbolic  acid  (§  167).  ^    .    -,  .  i-u 

The  series  should  be  cut  into  the  desired  lengths  for 

mounting  whilst  in  the  alcohol. 

A  good  method  for  large  and  thich  sections. 
For  Blocbman's  modification  see  §  191. 

Stbasseu  takes  gummed  paper  instead  of  the  glass  plates  us^d  in  this 
process.    See  the  papers  quoted  §  192. 

See  also  Wintebsteineb  (Zeit.  wiss.  Mile,  x,  1893,  p.  Sib)  a,na  JS.TJBO 

[Arch.  mile.  Anat,  Ixx,  1907,  p.  173). 

199  Obregia's  Method—Slides  are  prepared  as  directed 
191),  the  sections  are  arranged  on  them  and  covered  with 

celloidin  or  photoxyhn  and  evaporated  as  described,  §  191. 
For  Dimmer's  modification  see  also  §  191. 

200  Collodion  Film  Method— Graham  Kerr  {in  litt.,  1908) 
seriates  on  Kodak  films.  A  film  has  the  emulsion  removed 
by  hot  water.  The  sections  are  arranged  on  a  dry  film,  and 
the  applications  of  a  drop  of  absolute  alcohol  and  ether  (o^ 
an  atmosphere  of  alcohol  and  ether)  suffices  to  weld  them 
into  a  mass  with  the  film.  The  sheet  may  then  be  stained 
and  mounted,  or  rolled  up  and  stored  in  cedar  oil. 

Other  Methods  for  Celloidin  Sections.-See  §§  193  (Fol)  and 
182  (Olt). 
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201.  The  Molecular  Processes   involved  in   Staining.  —  The 

question  whether  the  phenomena  of  staining  and  of  industrial  dyeing 
are  chiefly  of  a  chemical  order,  as  held  by  some,  or  cliiefly  of  a  physical 
order,  as  held  by  others,  is  outside  the  province  of  this  book.  See 
(besides  works  on  chemistry,  amongst  which  may  be  mentioned  Bene- 
DiKT  and  Knecht,  The  Chemistry  of  the  Coal-tar  Colours,  London, 
1889)  Fischeb's  Fixirung,  Farhung  und  Ban  des  Protoplasvuis ,  Jena, 
G.  Fischer,  1899 ;  Pappenheim's  Grimdriss  der  Farhchemie,  Berlin,  A. 
Hirschwald,  1901 ;  and  the  articles  in  Encycl.  mile.  Technih. 

202.  Histological  Staining :  Specific,  Nuclear,  aud  Plasmatic. 

— Stains  are  either  general  or  special  (otherwise  called  Spe- 
cific, or  Selective,  or  Elective).  A  general  stain  is  one 
that  takes  effect  on  all  the  elements  of  a  preparation.  A 
special,  specific,  selective,  or  elective  stain  is  one  that  takes 
effect  only  on  *ome  of  them,  certain  elements  being  made 
prominent  by  being  coloured,  the  rest  either  remaining 
colourless  or  being  coloured  with  a  different  intensity  or  in 
a  different  tone.  To  obtain  this  differentiation  is  the  chief 
object  for  which  colouring  reagents  are  employed  in  micro- 
scopic anatomy. 

Two  chief  kinds  of  this  selection  may  be  distinguished — 
histological  selection  and  cytological  selection.  In  the  former 
an  entire  tissue  or  group  of  tissue  elements  is  prominently 
stained,  the  elements  of  other  sorts  present  in  the  prepara- 
tion remaining  colourless  or  being  at  all  events  differently 
stained,  as  in  a  successful  impregnation  of  nerve-endings  by 
means  of  gold  chloi-ide.  This  is  the  kind  of  stain  that 
is  generally  meant  by  a  specific  stain.  In  the  latter  the 
stain  seizes  on  one  of  the  constituent  elements  of  cells  in 
general,  for  instance,  either  on  the  chromatin  of  the  nucleus, 
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or  on  one  or  other  of  the  elements  that  go  to  make  up  the 

cytoplasm.  •  .1  1 

Stains  that  thus  exhibit  a  selective  affinity  tor  the  sub- 
stance of  nnolei-nnchar  or  chromatin  stains— form  a  class 
of  stains  of  peculiar  importance  for  the  erabryologist  or 
zootomist.  For  they  enable  him  to  have  the  nuclei  ot 
tissues  marked  out  by  staining  in  the  midst  of  the  unstained 
material  in  such  a  way  that  they  may  form  landmarks 
to  catch  the  eye,  which  is  then  able  to  follow  out  with  ease 
the   contours  and  relations  of  the  elements   to   which  the 

nuclei  belong.  ,    ^  ■       £  xi. 

To  these  must  be  added  another  group  of  stains  ot  the 
greatest  importance  to  the  cytologist  and  histologist  the 
plasmatic  stains  or  plasma  stains.  These  take  effect  es- 
pecially on  elements  of  cells  and  tissues  other  than  the 
chromatin-for  instance,  on  the  reticulum  ot  cytoplasm, 
or  on  its  granules,  or  on  polar  corpuscles,  etc.,  or  on  the 
formed  material  of  tissues. 

203  Dyes  Basic,  Acid,  and  Neutral. -The  colouring  matters, 
or   dyes,  employed  either  m  industrial  dyemg  or  m  histo- 
logical staining  are  almost  always  salts.     They  are  known 
as  "  basic,"  "  acidr  or  "  neutral  "  dyes.     By  a    basic  dye 
is  meant  one  which  is  either  a  base  or  a  compound  m  which 
a  so-called  "  colour  base  "  (or  molecular  group  to  which  the 
compound  owes  its  colouring  properties)  is  combmed  with  a 
non-colouring  acid.     For  instance,  fuchsin  or  magenta  is  a 
basic  dye.     It   is   the  hydrochloride  of  rosanilm,  and  its 
colouring  properties  are  due  to  the  rosanilm  which  exists  as 
a  base  in  the  compound,  and  not  to  the  hydrochloric  acid  of 
the  compound.     By  an  "  acid  "  dye  is  meant  a  compound  m 
which  a  so-called  "  colour-acid  "  is  combined  with  a  non- 
colouring  base.     The  dye  known  as  acid  tuchsui  or  acid 
magenta  (Saurefuchsin)  is   an   "  acid "  colour.     It  is  the 
soda-salt  of  di-  or  tri-sulphoconjugated  rosanilm,  that  is  ot 
rosanilin  di-  or  tri-sulphonic   acid,  and  its  colouring  pro- 
perties are  due  to  the  rosanilin  which  exists  as  an  acid  m 

\  1      A  v,r.f  in  +I1P  soda     Or,  to  take  a  simpler 

the  compound,  and  not  to  the  soaa.     v^i,  ;f<, 

case  picrate  of  ammonia  is  an  "  acid  colour  and  its 
cl;rg  properties  are  evidently  due  to  the  picnc  acid  in 
it,  and  not  to  the  ammonia. 
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It  is  iuiportiuit  to  koop  clearly  in  mintl  that  in  speaking 
oE  dyes  the  tei-nis  "  acid"  or  "  basic  "  refer  to  the  characters 
of  the  colour  acids  or  colour  bases^  and  not  to  those  of  the 
salts.  An  "  acid "  dye  may  have  a  neutral  or  alkaline 
reaction  {e.  g.  picrate  of  ammonia),  and  vice  versa. 

Basic  dyes  are  generally  easily  soluble  in  alcohol,  less 
easily  in  water  ;  whilst  the  contrary  is  the  case  for  acid 
dyes.  The  free  colour  bases  or  colour-acids  are  generally 
less  soluble  in  water  than  their  salts,  for  which  reason  they 
are  so  little  used  that  they  are  hardly  to  be  found  in  com- 
merce. It  follows  that  such  histological  formulfe  as  depend 
on  setting  free  a  colour-acid  from  its  salt  {e.g.  as  by  precipi- 
tating it  from  eosin  by  means  of  alum,  as  advised  by  Ranvier 
and  Wissotzky)  are  irrational.  Ooloui'-bases  or  colour-acids 
may  themselves  be  colourless. 

The  stain  given  by  acid  dyes  is  fast  to  acids,  and  may  be 
intensified  by  them ;  whilst  basic  dyes  are  washed  out  by 
acids,  but  intensified  by  alkalies. 

"  Neutral "  dyes  are  compounds  of  a  colour-base  with  a 
colour-acid.  They  ai'e  seldom  or  never  prepared  industrially, 
the  only  example  that  I  can  find  mentioned  in  BjONiiDiKT  and 
Knechi''s  Chemistry  of  the  Coal-tar  Colours  being  artificial 
indigo.  -  They  are  prepared  for  histological  purposes  by 
mixing  the  aqueous  solutions  of  a  basic  and  an  acid  dye. 
For  instance,  by  mixing  the  acid  picrate  of  ammonia  with 
the  basic  hydrochloride  of  rosanilin,  you  can  bring  about  the 
formation  of  sal  ammoniac  and  picrate  of  rosanilin,  which  is 
a  "  neuti-al  "  colouring  matter.  They  are  generally  insoluble 
in  pure  water,  and  hence  precipitate  when  the  mixture  is 
made,  but  may  be  got  to  redissolve  by  adding  an  excess 
of  the  acid  colour,  or  of  the  basic,  and  are  always  soluble 
in  alcohol.  They  can  also,  as  is  often  done,  be  formed 
in  the  tissues  themselves  by  staining  first  with  an  acid  dye, 
and  then  bringing  the  preparation,  without  first  washing  out, 
into  a  basic  dye. 

Ehelich  and  Lazabus  ("  Die  Auajmie,"  "Wieu,  1898,  p.  26)  state  that 
the  basic  dyes  methyl-green,  methylen-bhie,  amethyst  violet  (also 
pyronin  and  rhodamin),  and  the  acid  dyes  Siiiu-efuchsin,  Orange  G, 
and  Narcei'u,  are  peculiarly  favoui-able  for  making  neutral  mixtures. 

See  further  as  to  the  "  neutral "  colours.  Rosin,  "  Ueber  eine  neue 
Gruppe  der  Aniliufarbstoffen,"  in  Berliner  Idin.  Wochenschr.,  xii,  1898, 
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p  251-  Zeit.  f.  iviss.  Mile,  xvi,  2,  1899,  p.  223;  Journ.  Boy.  Mic.  Soc 
1899,  p.  547  ;  'Encycl.  mile.  Tcchnilc,  1903,  p.  1028 ;  Pai'PENHEIM,  op.  cit. 
siifra;  Heidknhain,  Anat.  Anz.,  xx,  1901,  p.  36. 


204  The  Chromatophily  of  Tissue-Elements.-The  elements 
of   tissues    are    distinguished    as    "  basophilous,"  acido- 
philous"  and     neutropliilous,"  according  as  they  seem  to 
show  a  natural  affinity  for  basic,  acid,  or  neutral  colournig 
matters  respectively       According  to  a  generalisation  due  to 
Bhhuch  {Zeit.  Mi..  Med.,  1,  1880,  p.  555  ;    Reichert  and 
Du-Bois  Raymond's  Arch.  Anat.  Phys.,  Fhys.  AUli.,  1879,  p. 
571)  the  basic  colours  are  in  general  chromatin  stams— that 
is   tiiey  have  a  special  affinity  for  the  element  of  nuclei 
known  as  chromatin,  so  that  they  are  mostly  sharp  nuclear 
stains  and  chromatin  is  hasophilous.     The  acid  colours,  on 
the  other  hand,  are,  according  to  him,  in  general  plasma 
gtains— that  is,  they  have  a  special  affinity  for  cytoplasm  and 
intercellular   substances,  which   are  therefore  andoiMons 
The  neutral  colours  exhibit  special  affinities  for  certain  ce  i- 
contents,  and  the  elements  affected  by  these  are  said  to  be 
neiblrovhilnufi. 

I  think  that  that  is  a  generalisation  which  requires  some 
explanation  and  qualification.     In   practical  histology  we 
have  to  take  account  not  only  of  the  affinities  for  dyes  of 
cellular  elements  in  a  physically  and  chemically  unaltered 
state  but  of  the  alterations  in  these  affinities  brought  about 
by  the  action  of  fixatives  and  mordants.      Now  most  fixing 
aLnts  either   diminish  or  increase  the  chromatophily  of 
tissues;    so  also   do  all  mordants,   soine  of  -1-^1;  -;^^ 
even  invert  the  natural  chromatophily  of  tissues  (see  ^  205, 
207)       Then,  too,  we  have  to  take  account  also  of  the 
resistance  of  the  stain  to  the  liquids  employed  for  washing, 
for  dehydration,  for  clearing ;  in  short,  we  have  to  take  into 
account  the  way  in  which  the  dye  behaves  when  employed 
as  a  regressive  stain  (§  209).    This  is  of  pecuhar  importance 
in  the  case  of  the  coal-tar  colours,  seeing  that  they  are 
largely  used  for  the  regressive  staining  of  sections  destined 
to  be  dehydrated  by  alcohol  and  mounted  m  balsam.  Now 
Ehrlich's 'experiments  take  no  account       these  con ditioi. 
(He  worked  with  " cover-glass  preparations'  of  iso  ated  cells 
uch  as  blood  and  lymph  cells,  and  was  thus  able  to  avoid 
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the  prolonged  wfisliing  necessary  for  most  sections,  and  to 
suppress  altogether  the  dehydration  by  alcohol,  his  cover- 
glass  preparations  being  simply  dried  after  staining  in  a 
stove.)  In  consequence,  his  chemical  categories  of  basic 
colours  and  acid  colours  fail  to  correspond  always  in  practice 
to  the  technical  categories  of  chromatin  stains  and  plasma 
stains. 

For  instance,  orange  is  an  acid  colour ;  but  used  as  a 
regressive  stain  I  find  it  will  give  a  very  sharp  stain  of 
chromatin  :  it  cannot,  therefore,  be  classed  as  a  mere  plasma 
stain,  though  it  is  also  a  very  good  plasma  stain.  Saure- 
fuchsin  is  a  very  acid  colour.  It  behaves  in  general  as  a 
decided  plasma  stain.  But  used  as  a  regressive  stain  it 
sometimes,  under  conditions  which  I  am  not  able  to  specify, 
gives  a  very  vigorous  stain  of  chromatin.  Safranin  is  a 
basic  colour,  but  by  the  use  of  appropriate  mordants  it  can 
be  made  to  behave  as  a  plasma  stain.  Methylen  blue  is  a 
basic  colour.  But,  as  is  well  known,  when  employed  according 
to  the  method  worked  out  by  Ehrlich  for  the  so-called  intra- 
vitam  staining  of  nerves,  it  affords  a  stain  that  is  essentially 
plasmatic,  such  staining  of  nuclei  as  may  occur  in  this 
process  being  an  accidental  epiphenomenon.  Nigrosin  is, 
according  to  Ehrlich,  an  acid  colour,  and  should  therefore  be 
esseiitially  a  plasma  stain.  Yet  I  find  that,  used  as  a 
regressive  stain  in  the  same  way  as  safranin,  it  gives  a 
vigorous  chromatin  stain,  cytoplasm  being  only  faintly 
coloured.  Bordeaux  is  an  acid  colour,  but  it  stains  chro- 
matin as  well  as  cytoplasm.  Further,  both  carminic  acid 
and  hasmatein  are  acid  dyes,  but  combined  with  the  mordant, 
alum  (as  in  alum-carmine  or  alum-liEematoxylin),  they  give 
nuclear  stains.  Indeed,  it  is  not  too  much  to  assert  that 
there  is  hardly  any  colour,  either  basic  or  acid,  that  may  not 
be  made  to  afford  either  a  chromatin  stain  or  a  plasma  stain, 
accoi-ding  to  the  way  in  which  it  is  employed.  There  is, 
in  practice,  no  ahsolute  chromatophily  of  tissue-elements. 

205.  Substantive  and  Adjective  Staining;  Mordants.— In  the 

industry  of  dyeing,  colouring  matters  are  divided  into  two 
classes,  according  to  their  behaviour  with  respect  to  the 
material  to  be  dyed.  Certain  dyes  are  absorbed  directly 
from  their  solutions  by  the  material  immersed  therein,  and 
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combine  with  it  directly.  In  this  case  the  material  is  said  to 
be  sibhstantively  dyed,  and  the  colouring  matter  is  called  a 
substantive  colouring  matter. 

Other  dyes  do  not  combine  directly  with  the  material  to 
be  acted  on,  but  this  material  must  first  be  charged  with 
some  substance  known  as  a  mordant  (generally  a  metallic 
salt  or  hydrate)  before  it  will  combine  with  the  colouring 
matter.     These  are  known  as  adjective  colouring  matters.* 

Mordants  are  bodies  which  have  the  property  of  com- 
bining on  the  one  hand  with  the  elements  of  tissues  and  on 
the  other  with  the  colouring  principle  of  the  dyes  used, 
forming  with  the  latter  insoluble  coloured  compounds  (known 
as  Lakes),  which  are  retained  in  the  tissues.  It  follows  that 
basic  dyes  require  mordants  of  an  acid  character  and  acid 
dyes  mordants  of  a  basic  character.  The  mordant  may  be 
introduced  into  the  tissues  either  before  the  dye  or  at  the 

same  time  with  it.  ,    ■  i 

It  may  seem  at  first  sight  that  the  majority  of  histological 
stains  are  obtained  by  substantive  staining  of  the  tissues. 
But  on  reflection  it  will  be  seen  that  many  of  the  histological 
stains  that  are  obtained  without  intentional  mordantmg  of 
the  tissues  should  yet  in  strictness  be  attributed  to  the  class 
of  adjective  stains.    For  whenever  there  is  reason  to  suppose 
that  the  stain  obtained  results  from  a  combination  of  the 
colouring  matter  with  some  metallic  salt  or  hydrate  that  is 
Tiot  a  constituent  of  the  living  tissue,  but  has  been  brought 
into  it  by  the  fixing  or  hardening  reagents,  it  must  be  ad- 
mitted that  these  reagents  play  the  part  of  mordants  though 
only  intentionally  employed  for  another  purpose.    This  would 
appear  to  be  the  case  with  the  stains,  or  some  of  them, 
obtained  after  fixation  with  corrosive  sublimate,  picric  acid, 
salts  of  iron,  of  platinum,  of  palladium,  of  uranium,  and  tor 
certain  tissue  elements  and  certain  colours,  chromium.  And 
further,  the  mordanting  substance  may  not  only  be  present 
unintentionally  in  the  fixing  or  hardening  agents,  it  may  be 
present  unintentionally,  or  with  imperfect  realisation  ot  its 
import,  in  the  staining  solutions  themselves.     Such  is  un- 
doubtedly the  part  played  by  alum  in  most  of  the  stauis  m 
*  For  an  excellent  popular  exposition  of  this  subject  see  Benedikt 
and  Knecht's  ClMy  of  the  Coal-tar  Colours  (George  Bell  anfl 
Sons). 
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which  it  figures  as  an  ingredient.  Iodine  also  plays  in  some 
staining  processes  a  part  which  seems  only  explicable  on 
the  supposition  that  it  acts  as  a  mordant.  And  in  some 
processes  an  acid  dye  is  made  to  act  as  a  mordant  for  a 
subsequently  employed  basic  dye. 

In  some  staining  processes,  however,  mordants  are  inteji- 
tionally  resorted  to  in  order  to  fix  the  stain.  Mordanting 
has  long  been  intentionally  employed  in  some  htematein 
staining"  processes,  such  as  the  iron-alum  process  of  Benda 
and  M.  Heidenhain.  More  lately  it  has  been  resorted  to  for 
staining  with  tar  colours. 

By  combining  with  the  elements  of  tissues,  mordants  confer  on  them 
an  artificial  chromatophily .  This  may  take  place  to  so  great  an  extent 
that  the  original  affinities  of  the  tissues  for  dyes  are  not  only  masked 
but  may  be  seemingly  altered  into  their  opposites,  thus  producing  an 
"  inversion "  of  their  chromatophily.  Thus  by  means  of  appropriate 
acid  mordants  certain  basic  anilins,  which  by  the  usual  methods  of 
regressive  staining  are  pure  chi-omatin  stains,  may  be  made  to  afEord  a 
pure  plasma  stain — one  not  aifecting  chromatin  at  all,  thus  giving  an 
"  inversion  "  of  the  usual  stain. 

It  would  seem  that  the  nuclear  stains  obtained  by  carmine  and  hema- 
toxylin should  in  strictness  be  classed  as  inversion  stains.  The  colouring 
principle  of  carmine,  carminic  acid,  is  an  acid  body,  and  consequently  a 
plasma  stain.  But  in  the  form  of  carmine  it  is  combined  with  the  basic 
oxide  alumina,  which  l^y  mordanting  the  acid  body  nuclein  confers  on  it 
a  basic  character  and  renders  it  acidophilous,  thus  producing  an  inver- 
sion of  the  natural  staining  affinity.  So  also  with  the  acid  dye  hsematein. 
So  that  we  see  that  whilst  basic  dyes  substantively  employed  are  nuclear 
stains  and  acid  dyes  substantively  employed  are  plasma  stains,  yet 
basic  colours  with  acid  mordants  may  give  a  plasma  stain  and  acid 
colours  with  basic  mordants  may  give  a  nuclear  stain. 


206.  Metaehromasy.— Adjective  stains  are  of  the  colom-  of  the  lake 
formed  by  the  mordant  and  the  colouring  principle  of  the  dye.  Sub- 
stantive stains  are  for  the  most  part  of  the  colour  of  the  solution  of  the 
dye  employed.  But  this  is  not  always  the  case.  There  is  a  very  small 
group  of  dyes,  mostly  basic  tar-coloiu-s,  which  have  the  property  of 
staining  different  elements  of  tissues  in  different  colours,  one  of  these 
being  the  same  as  that  of  the  solution  of  the  dye,  and  the  other,  or 
metachromatic  colour,  being  the  same  as  that  of  the  free  colom--base 
of  the  dye.  For  instance,  the  red  dye,  safranin,  colours  nuclei  red,  but 
mucin  and  the  ground-substance  of  cartilage  orange.  The  blue  dye, 
methyl  violet,  stains  normally  blue  ;  but  amyloid  matter,  Mastzellen, 
mucin,  and  cartilage,  are  stained  red  by  it.  Similarly  with  tliionin, 
dahlia,  gentian  violet,  toluidin  blue,  etc. 

In  these  cases  the  effect  appears  to  be  due  to  chemical  reaction.  But 
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in  otlier  cases  a  similar  effect  has  been  shown  to  he  due  to  the  presence 
of  impurities  in  the  dyes ;  so  with  iodine  green  and  methyl  green,  which 
mostly  contain  an  admixture  of  methyl  violet. 

It  has  been  held  by  some  that  metachromasy  is  an  optical  pheno- 
menon, but  that  is  clearly  only  true  of  cei-tain  cases. 

207.  The  Preparation  of  Tissues  for  Staining.— It  is  generally 
found  that  precise  stains  can  only  be  obtained  with  carefully 
fixed  {i.e.  hardened)  tissues.  Dead,  but  not  artificially 
"hardened  tissues  stain  indeed,  but  not  generally  in  a  precise 
manner.  Living  tissue  elements  in  general  do  not  stain  at 
all,  but  resist  the  action  of  colouring  reagents  till  they  are 
killed  by  tliem  (see,  however,  next  section). 

It  appears  probable,  as  was  first  pointed  out,  I  believe,  by 
*  Mayer  {imii.  Zool.  Stat.  Neapel,  ii,  1880,  p.  17),  that  most 
of  the  histological  stains  obtained  with  fixed  tissues  are 
brought  about  in  one  of  two  ways.     Either  they  result  from 
the  combination  of  the  colouring  agent  with  certain  organic 
or  inorganic  salts,— phosphates,  for  instance,  that  existed  in 
the  tissue  elements  during  life  and  were  thrown  down  in  situ 
by  the  fixing  or  hardening  agent  employed,  as  seems  to 
happen  when  such  a  fixing  agent  as  alcohol  is  employed. 
Or  they  result  from  the  combination  of  the  colouring  agent 
with  certain  compounds  that  did  not  pre-exist  in  the  tissues, 
but  were  formed  by  the  combination  of  the  constituents  of 
the  tissues  with  the  chemical  elements  brought  to  them  by 
the  fixing  agent,  as  seems  to  happen  when  such  a  fixing 
agent  as   chromic   acid  is  employed— the    compounds  in 
question  being   probably   chiefly   metal  albuminates.  It 
follows  that  correct  fixation  and  careful  icashing  out  are 
essential  to  the  production  of  good  stains. 

Objects  which  have  been  passed  through  alcohol  generally 
stain  better  than  those  which  have  only  been  in  watery 
fluids. 

But  long  preservation  of  tissues  in  alcohol  is  generally 
unfavourable  to  staining. 

208.  Staining  "  intra  vitam."— Some  few  substances  (which 
are  almost  always  hasic  dyes)  possess  the  property  of  staining 
—or  rather,  tingeing—liYing  cells  without  greatly  impairing 
their  vitality.  Such  are— in  very  dilute  solutions— cyanin 
(or  quinolem),  methylen  blue,  Bismarck  brown,  anilin  black. 
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Congo  red,  neutrcal  red,  Nile  blue,  Janus  green,  and,  under 
certain  conditions,  dahlia  and  eosiii,  gentian  violet,  with 
perhaps  methyl  violet,  and  some  others. 

These  reagents  are  best  employed  in  a  state  of  consider- 
able dilution,  and  in  neutral  or  feebly  alkaline  solution — 
acids  being  of  course  toxic  to  cells.  Thus  employed,  they 
will  be  found  to  tinge  with  colour  the  cytoplasm  of  certain 
cells  during  life  ;  never,  so  far  as  I  can  see,  nuclear  chromatin 
during  life ;  if  this  stain,  it  is  a  sign  that  death  has  set  in. 
The  stain  is  sometimes  diffused  throughout  the  general  sub- 
stance of  the  cytoplasm,  sometimes  limited  to  certain  granules 
in  it. 

It  has  been  asserted  by  some  observers  that  the  nucleus 
may  be  stained  during  the  life  of  the  cell  by  means  of 
Bismarck  brown,  Congo  red,  methylen  blue,  neutral  red, 
Nile  blue,  and  safranin.  But  it  is  by  no  means  clear  from 
the  statements  of  these  writers  that  the  coloration  observed 
by  them  is  localised  in  the  chromatin  of  the  nucleus.  It 
would  rather  appear  to  be  a  diffuse  coloration  brought  about 
by  mechanical  and  momentary  retention  of  the  dye  in  the 
nucleus — which  is  a  very  different  thing  from  a  true  nuclear 
stain.  And  in  some  of  the  cases  reported  it  is  by  no  means 
certain  that  the  coloured  nuclei  were  really  in  the  living- 
state.  See  hereon  the  article  by  Fischbl  ("  Farbungen, 
intravitale  ")  in  Encycl.  mih.  Technih. 

1  have  myself  made  a  considerable  number  of  observa- 
sions  on  the  subject  of  intra-vitam  staining,  and  have  come 
to  the  same  conclusion  as  Galeotti  [Zeit!  lois-'^.  Mih.,  xi, 
1894,  p.  172),  and  many  recent  wi-iters,  namely,  that  most 
of  the  so-called  intra-vitam  "  stains  are  either  not  true 
stains  or  that  the  stained  substances  are  not  really  living. 
The  coloration  appears  mostly,  if  the  cell  that  shows  it  has 
remained  in  a  state  of  unimpaired  vitality,  to  be  due  to 
simple  absorption  or  imbibition  of  the  colouring  matter 
by  the  cell,  not  to  a  molecular  combination  of  the  colouring 
matter  with  any  of  the  constituents  of  the  cells. 

And  when  a  more  or  less  fast  stain  has  been  obtained,  it 
is  generally  found  that  this  is  limited  to  cell-contents  that 
do  not  appear  to  form  an  integral  part  of  the  living  texture 
of  the  cell — to  food-granules,  or  katabolic  products,  or  the 
like. 
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FisCHKL  {Anat.  Hf'.fte,  xvi,  J901,p.  417,  and  op.  clt.suprn) 
concludes  in  favour  of  tlie  vitality  of  certain  of  tlie  stained 
granules. 

Apart,  however,  from  this  question,  it  must  bo  conceded 
that  those  so-called  "  vital  stains"  are  frequently  very  useful. 
According  to  my  experience,  raethylen  blue  is  the  most 
gen  en  illy  useful  of  them.  It  has  (with  Bismarck  brown, 
Congo  red,  and  neutral  red)  the  valuable  point  that  it 
is  sufficiently  soluble  in  saline  solutions,  and  may  therefore 
be  employed  with  marine  organisms  by  simply  adding  it 
to  sea-water.  The  others  are  not  thus  soluble  to  a  practical 
extent,  but  I  find  that  gentian  and  dahlia  become  so  if 
a  trace  of  chloral  hydrate -0-25  per  cent,  is  ample  enough- 
be  added  to  the  saline  solution.  Any  of  these  reagents 
maybe  rubbed  up  with  serum,  or  other  "indifferent"  liquid. 

Methylen  blue  may  be  fixed  in  the  tissues,  and  permanent 
preparations  made,  by  one  or  other  of  the  methods  described 
in  Chap.  XVI.  Bismarck  brown  stains  may  be  fixed  with  0-2 
per  cent,  chromic  acid  or  with  sublimate  solution  (Mayeu), 
or  1  per  cent,  osmic  acid  (Loisbl,  Journ.  de  I'Anat.  el  de  la 
Fhy>i.,  1898,  No.  2,  p.  212— a  work  that  contains  a  good  deal 
of  information  on  the  subject  of  iiilra-vitam  stains),  and  the 
preparations  may  be  stained  with  safranin,  care  being  taken 
not  to  expose  them  too  long  to  the  action  of  alcohol.  For 
the  study  of  cell-granules,  neutral  red  is  perhaps  the  best. 

FiscHKL  ("  Unters.  neb.  vitale  Faerbungen,"  Leipzig. 
1908)  finds  that  alizarin  is  specific  for  nerves.  Add  excess 
of  alizarin  to  boiling  water,  boil  and  filter,  and  add  1  vol.  of 
the  filtrate  to  the  water  containing  the  organisms  (Cladocera). 
The  stain  takes  several  hours. 

For  sulphorhodamin,  which  is  selective  for  many  organs 
(kidney,  liver,  uterus,  skin,  lymph-glands,  etc.),  see 
Andeeew,  in  Virchow's  Arch.,  cciv,  1911,  p.  447. 

See  also  Gollman,  Proc.  Boy.  /Soc,  Ixxxv,  1912,  p.  146 
(trypan  blue,  isamin  blue,  diamin  blue,  etc.)  ;  and  Goldmann, 
'^Die  aeussere  u.  innere  Sekretion,  etc  ,"  TiiBiNGEN,  1909, 
and  "  Neue  Untersuch.,  etc.,"  ibid.,  1912. 

209  The  Practice  of  Staining.— Selective  staining  is  arrived 
at  in  two  ways.  In  the  one,  which  is  called  the  progressive 
method,  you  make  use  of  a  colouring  reagent  that  stains  tlie 
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elements  desired  to  be  selected  more  quickly  than  the 
elements  you  wish  to  have  unstained  ;  and  you  stop  the 
process  and  fix  the  colour  at  the  moment  when  the  former 
are  just  sufficiently  stained,  and  the  latter  not  affected  to  an 
injurious  extent,  or  not  affected  at  all,  by  the  colour.  This 
is  what  happens,  for  instance,  when  you  stain  the  nuclei  of  a 
preparation  by  treatment  with  very  dilute  alum  hasniatoxylin  : 
you  get,  at  a  certain  moment,  a  fairly  pure  nuclear  stain  ; 
but  if  you  were  to  prolong  the  treatment,  the  extra-nuclear 
elements  would  take  up  the  colour,  and  the  selectivity  of  the 
stain  would  be  lost.  This  is  in  general  the  method  em- 
ployed for  the  colouring  of  specimens  in  bulh-^a  procedure 
which  is  not  possible  with  most  of  the  regressive  strains.  It 
is  the  old  method  of  carmine  and  hgematoxylin  staining. 

The  second,  or  regressive  method,  is  the  method  of  over- 
staining  followed  by  partial  decoloration.  You  begin  by 
staining  all  the  elements  of  your  preparation  indiscriminately, 
and  you  then  wash  out  the  colour  from  all  the  elements 
except  those  which  you  desire  to  have  stained,  these  re- 
taining the  colour  more  obstinately  than  the  others,  in 
vi)-tue  of  their  chemical  or  physical  constitution.  This 
is  what  happens,  for  instance,  when  you  stain  a  section 
of  one  deep  red  in  all  its  elements  with  safranin,  and  then, 
treating  for  a  few  seconds  with  alcohol,  extract  the  colour 
from  all  but  the  chromatin  and  nucleoli  of  the  nuclei.  This 
method  is  in  ■•general  applicable  0)ily  to  sections,  and  not  to 
staining  objects  in  bulk  (the  case  of  borax  carmine,  with  a 
few  othei's,  is  an  exception).  It  is  a  method,  however,  of 
very  wide  applicability,  and  gives,  perhaps,  the  most  brilliant 
results  that  have  hitherto  been  attained.  It  frequently  enables 
us  to  obtain  a  powerful  stain  of  certain  elements  that  would 
not  be  sufficiently  brought  out  by  the  progressive  method. 

Tissues  are  stained  either  in  hvlk  or  in  sections.  For 
accurate  work,  such  as  is  necessary  in  cytology  and  fre- 
quently in  histology,  it  is  greatly  preferable,  sometimes 
even  nece.ssary,  to  stain  the  sections,  as  by  this  means 
only  is  accurate  control  of  the  staining  process  under  the 
microscope  possible. 

Staining  solutions  are  mostly  made  with  either  vater  or 
alcohol  as  a  nienstrnuni.  Water  is  generally  preferable  so 
far  as  the  quality  of  the  stain  is  concerned;  but  alcohol  is 
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frequently  indicated,  both  on  account  of  its  greater  power  of 
penetration  and  as  being  less  injurious  to  tissues.  It  is  a 
good  rule  not  to  let  staining  baths  contain  more  than  fifty 
per  cent,  of  alcohol. 

Better  results  (as  regards  the  quality  of  the  stain,  not  as 
regards  the  preservation  of  the  tissues)  are  generally  obtained 
hy  prolonged  staining  in  very  dilute  solutions,  rather  than 
by  a  short  bath  in  a  strong  one. 

210.  Choice  of  a  Stain.— The  following  may  be  recommended 
to  the  beginner  for  general  work:  — 7''o7-  sections,  Mayeh's 
hmmalum;  or,  for  chroniosminm  objects  more  especially, 
Benda's  or  Heidenhain's  iron  hsEniatoxylin. 

For  staining  in  toto  Grenacher's  alcoholic  borax- carmine, 
or  Mayer's  carvialnvi,  or  hoBmalum,  unless  the  object  be  so 
impermeable  as  to  require  a  very  highly  alcoholised  stain,  in 
which  case  take  Mayer's  paracarmine,  or  for  chromic  acid 
objects  Mayer's  lisemacalcitim. 

For  fresh  tissues  or  small  entire  objects,  methyl  green,  if  it 
is  not  important  to  have  permanent  preparations;  if  it  is,  take 
carviahm.  or  alum-carmine  (but  both  of  these  may  give 
precipitates  with  marine  animals). 

Most  of  the  carmine  and  hasmatoxylin  solutions,  properly 
used,  give  stains  that  are  indefinitely  permanent— at  least 
in  balsam.  But  most  of  the  stains  obtained  with  coal-tar 
dyes  fade  much  in  a  few  months  or  years.  The  most 
permanent  are  safranin,  gentian  violet,  Bismark  brown,  and 
picric  acid,  which  fade  very  little.  Victoria  blue,  I  find,  is 
also  faix-ly  permanent. 
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CARMINE  AND  COCHINEAL  STAINS. 

211.  Carmine.— Carmine  is  by  no  means  merely  carminic 
acid  with  at  most  certain  impurities.  According  to  the 
analysis  of  Liebermann  (Ber.  d.  Chem.  Ges.,  Jahrg.  18,  1886, 
pp.  1969 — 1975)  it  is  a  very  peculiar  aluniina-llnie-protein 
covipoimd  (f  carminic  acid,  a  true  chemical  compound  from 
which  at  all  events  aluminiuvi  and  calcium  can  no  more  be 
absent  than  sodium  from  salt.  It  results  from  the  researches 
of  Mayer  {Mitth.  Zool.  8tat.  Neapel.,  1892,  p.  480)  that  in 
the  processes  of  histological  staining  {not  of  mdustrial  dyeing) 
the  active  factors  of  the  compound  are,  besides  the  carminic 
acid,  always  the  alumina,  and  in  some  cases  the  lime.  The 
other  bases  are  inactive;  the  nitrogenous  matters,  so  far  as 
they  have  any  influence  at  all,  are  an  obstacle,  as  it  is  they 
that  give  rise  to  the  well-known  putrefaction  of  the  solutions. 

This  being  so,  it  follows  that  carminic  acid  may,  if  desired, 
he  taken  as  the  basis  of  staining  solutions  instead  of  carmine. 
Staining  solutions  thus  prepared  do  not  give  essentially  better 
stains  than  those  made  with  carmine ;  but  have  the  advan- 
tage of  being  of  more  constant  composition.  For  carmine  is 
a  product  which  varies  greatly  from  sample  to  sample. 

Carminic  acid  of  sufficient  purity  is  furnished  by  GKiiBLEE 
and  HoLLBOEN  (or  C.  A.  F.  Kahlbaum,  in  Berlin).  It  is 
soluble  in  water  and  iceak  alcohol  (that  of  70  per  cent,  only 
dissolves  less  than  3  per  cent.)  It  cannot  be  used  alone  for 
staining,  as  it  only  gives  in  this  way  a  weak  and  diffuse  stain. 

212.  Cochineal.— According  to  Mayer  {Mitth.  Zool.  8tat. 
Neapel,  x,  1892,  p.  496),  the  active  principle  of  extract  or 
tincture  of  cochineal  (as  used  in  histology)  is  not  free  car- 
minic acid,  but  carminic  acid  chemically  combined  with  a 
base  which  is  not  lime,  but  some  alkali.    The  watery  extract 
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made  witli  aiavi,  or  couliiiietil-iiliiui  carniino  (§  216),  owes  its 
sfcaining-powor  to  tlio  formation  oL'  canuiiiate  of  alumina 
(last  §).  The  tinctiiro  made  with  2^ur()  alculiol,  on  the  other 
hand,  contains  only  the  above-mentioned  carminato  of  some 
alkali.  This  carminate  alone  stains  weakly  and  diffusely 
(like  carminic  acid  alone).  But  if  in  tlie  tissues  treated  with 
it  it  meet  with  lime  salts,  alumina  or  magnesia  salts,  or  even 
raetallic  salts  capable  of  combining  with  it  and  forming 
insoluble  coloured  precipitates  in  the  tissues,  then  a  strong 
and  selective  stain  may  result.  And  if  the  necessary  salts 
be  added  to  the  tincture  itself,  there  results  a  solution 
containing  the  necessary  elements  for  affording  a  strong  and 
selective  stain  with  all  classes  of  objects.  Hence  Mayer's 
new  formula,  §  236. 

213.  General  Remarks. -Carmine  stains  are  chiefly  used  for 
staining  entire,  objects,  or  tissues  in  bulk.  In  most  cases 
this  can  be  done  more  satisfactorily  by  means  of  carmine 
than  by  means  of  any  other  known  agent.  For  most 
haamateiin  solutions  have  a  disastrous  tendency  to  overstam ; 
and  the  tar-colours  are  generally  inapplicable  to  staining  in  bulk. 

Grenacher's  alcoholic  borax-carmine  may  be  recommended 
to  the  beginner  as  being  the  easiest  of  these  stains  to  work 
with  :  or  para-carniine,  for  objects  which  require  a  highly 
alcoholic  solution.  Carmalum,  or  one  of  the  aluui-carmines, 
is  also  an  easy  and  safe  reagent. 

Overstains  may  in  all  cases  be  washed  out  with  weak  HCl 
(e.  (/.  0-1  per  cent.).  Alum-solution  will  often  suffice,  or, 
according  to  Hbnneguy  {Journ.  de  I'Anat.  et  de  la  Physiol, 
xxvii,  1891,  p.  400),  permanganate  of  potash.  All  carmine 
stains,  with  the  exception  of  aceto-carmine,  are  permanent 
in  balsam.  The  alum-carmines  are  fairly  permanent  in 
glycerin.  None  of  the  acid  stains,  nor  any  of  Grenacher^s 
fluids,  should  be  used  with  calcareous  structures  that  it  is 
wished  to  preserve,  unless  they  be  taken  in  a  state  of  extreme 
dilution. 

A.  Aqueous  Carmine  Stains. 
a.  Acid. 

214  Alum-carmine  (Grenacher,  Arch.  mih.  Anat.,  xvi,  187v), 
p.  465).— An  aqueous  solution  (of  1  to  5  per  cent,  strength, 
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01"  any  other  strength  that  may  be  prefei-red)  oi  common  or 
ammonia  alum  is  boiled  for  ten  or  twenty  minutes  witli  i  to 
1  per  cent,  of  powdered  carmine.  (It  is  perhaps  the  safer 
jilan  to  take  the  alum  solution  highly  concentrated  in  the 
first  instance,  and  after  boiling  the  carmine  in  it  dilute  to 
the  desired  strength.)     When  coolj  filter. 

This  stain  must  be  avoided  in  the  case  of  calcareous 
structures  that  it  is  wished  to  preserve. 

TizzoNi  (Bull.  Sc.  Med.  Bologna,  1884,  p.  259),  Pisenti  {Guzz.  degli 
0.<petali,  No.  24;  Zeit.  wiss.  Mile,  ii,  1885,  p.  378),  and  Grieb  {Mem. 
Soe.  Ital.  Sci.,  t.  vi.  No.  9,  1887 ;  Zeit.  wiss.  Mile,  vii,  1,  1890,  p.  47) 
have  given  modifications  of  Grenacher's  formula  which  do  not  appear 
to  me  rational. 

Mayer  [ibid.,  xiv,  1897,  p.  29)  makes  a  stronger  stain  by  taking  2 
grms.  carmine,  5  grms.  alum,  and  100  c.c.  water,  and  boiling  for  an  hour. 

Alum-carmine  is  an  excellent  stain.  It  is  particularly 
to  be  recommended  to  the  beginner,  as  it  is  easy  to  Work 
with;  it  is  hardly  possible  to  overstain  with  it.  Its  chief 
defect  is  that  it  is  nob  very  penetrating,  and  therefore 
unsuitable  for  staining  objects  of  considerable  size  in  bulk. 

215.  Acetic  Acid  Alum-Carmine  (Henneguy,  in  Traitd  dea 
Meth.  tecJin.,  Leb  et  Hennegdy,  1887,  p.  88). — Excess  of  car- 
mine is  boiled  in  saturated  solution  of  potash  alum.  After 
cooling  add  10  per  cent,  of  glacial  acetic  acid,  and  leave  to 
settle  for  some  days,  then  filter. 

For  staining,  enough  of  the  solution  is  added  to  distilled 
water  to  give  it  a  deep  rose  tint.  In  order  to  ensure  rapid 
diffusion  it  is  well  to  bring  the  tissues  into  the  stain  direct 
from  alcohol.  Stain  for  twenty-four  to  forty-eight  hours, 
and  wash  for  an  hour  or  two  in  distilled  water.  Mount  in 
balsam.  You  can  mount  in  glycerin,  but  the  preparations 
do  not  keep  so  well. 

The  advantage  of  this  carmine  is  that  it  has  much  greater 
poiuer  of  penetration  than  the  non-acidified  alum-carmine. 

216.  Cochineal  Alum-carmine  (Partsch,  Arch.  mile.  Anat. 
xiv,  1877,  p.  180).— Powdered  cochineal  is  boiled  for  some' 
time  in  a  5  per  cent,  solution  of  alum,  the  decoction  filtered, 
and  a  little  salicylic  acid  added  to  preserve  it  from  mould. 

Another  method  of  preparation  has  been  given  by  Czokok 
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{ibi,l,  xviii,  1880,  p.  413).— Mayer  finds  tliiit  Parfcsch's  is 
the  more  rational,  the  proportion  of  alum  iu  it  being  exactly 
right,  whilst  in  Czokor's  it  is  insufficient.  Partsch's  fluid 
also  keeps  better. 

EAI3L  {Zeit.  loiss.  Mik.,  xi,  2,  1894,  p.  168)  takes  2o  grms. 
each  of  cochineal  and  alum,  800  c.c.  of  water,  and  boils  down 
to  600  c.c.  He  prefers  this  because  it  is  not  so  purely  nuclear 
a  stain  as  the  others. 

These  solutions  give  a  stain  that  is  practically  identical 
with  that  of  alum-carmine  made  from  carmine,  with  perhaps 
even  more  delicate  differentiations. 

Rawitz  {Zeit.  whs.  Mile,  xxv,  1909,  p.  392)  takes  cocliineal  4  grms., 
nitrate  of  aluminium  (or  ammonio- sulphate  of  cobalt)  4  grms.,  water 
100  c.c,  and  glycerin  100  c.c.    Only  for  sections. 

217  Mayhr's  Carmalum  [Mitth.  Zool.  Stat.  Neapel,  x,  1892, 
489)-Carminic  acid,  1  grra.;  alum,  10  grms.;  distilled 
water,  200  c.c.     Dissolve  with  heat  (if  necessary).  Decant 
or  filter     Add  some  antiseptic,  either  1  c.c.  formol,  or  O'l 
per  cent,  salicylic  acid,  or  O'S  per  cent,  salicylate  of  soda. 
Tl.e  solution  will  then  keep.    It  statins  u-ell  m  hu  h,  even 
osmium  objects.     If  washed  out  with  distilled  water  only 
the  plasma  will  remain  somewhat  stained.    If  tl-  be  no 
desired,  wash  out  carefully  with  alum  solution,  or,  in  difficult 
cases  with  weak  acid,  followed  in  either  case  with  water. 
The  general  effect  is  that  of  an  alum-carmme  stain. 

A  weaker  solution  may  be  made  by  taking  from  three  to  five  times  as 
muclTalum  and  five  times  as  much  water,  and  dissolvmg  m  the  cold. 

With  either  solution  the  objects  to  be  stained  should  vot 
have  an  alkaline  reaction. 

Rawitz  (Anat.  Anz.,  xv,  1899,  p.  438)  takes  2  grms.  carminic  acid,  20 
,rmB  ammoBia-alnm,  150  c.c.  water,  and  150  -  gljcenn  A  strongly 
SrinTsolntion,  which  is  said  to  Icecp  well.    Only  for  sections. 

T  solxto  Piepared  with  ahnn  tend  to  precipitate.  Carmalum 
made  up  wir5Jo  J.c.  of  water  -tead  of  200  and  with  glycerm  or  10 
per  cent  of  formol  or  pyx-oligneous  acid  added,  keeps  well. 

..S.  MAYA'S  A^eou. 
•  StluSnS?;^.- Se^-^lc.    Add  an  antiseptic,  as  for  car- 


malum. 
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Use  as  earmalum.  The  stain  is  of  a  blue-violet  colour,  very  j^owerful 
and  elective,  but  not  so  piirely  nuclear  as  earmalum.  It  is  recommended 
only  as  a  substitute  for  earmalum  in  cases  in  which  the  latter  is  counter- 
indicated  on  account  of  the  alum  in  it  or  the  like. 

219.  Alum-Carmine  and  Picric  Acid.— Alum-carmine  objects 
may  be  double-stained  with  picric  acid.  Legal  {Morph. 
Jahrb.,  viii,  p.  353)  combines  the  two  stains  by  mixing  ten 
vols,  of  alum  cai-mine  with  one  of  saturated  picric  acid 
solution.    I  find  this  very  recommendable. 

219a.  Aeeto-Carmine  (Acetic  Acid.  Carmine)  Schneider  {Zool. 
Anzeig.,  1880,  p.  254).— To  boiling  acetic  acid  of  45  per  cent,  strength 
add  carmine  imtil  no  more  will  dissolve,  and  filter.  (Forty -five  per  cent, 
acetic  acid  is,  according  to  Schneider,  the  strength  that  dissolves  the 
largest  proportion  of  carmine.) 

To  use  the  solution  you  may  either  dilute  it  to  1  per  cent,  strength, 
and  use  the  dilute  solution  for  slow  staining ;  or  a  drop  of  the  concen- 
trated sokition  mav  be  added  to  a  fresh  preparation  under  the  cover- 
glass.  If  you  use  the  concentrated  solution  it  ^a;es  and  stains  at  the 
same  time,  and  hence  may  render  service  for  the  study  of  fresh  objects. 
It  is  very  penetrating.  The  stain  is  a  pure  nuclear  one.  Unfortunately 
the  preparations  cannot  be  preserved,  and  for  this  and  other  reasons 
the  stain  is  of  very  restricted  applicability. 

A  similar  stain  has  been  prepared  with  formic  acid  by  Pianese  (see 
Zcit.  wiss.  Mile,  X,  4, 1894,  p.  502). 

For  Burchabdt's  pyroligneous-acid  carmines  see  Arch.  mile.  Anat., 
liii,  1898,  p.  232 ;  and  Jena.  Zeit.  Natiirw.,  xxxiv,  1900,  p.  720. 

220.  Iron  Carmine.~I  recommend  trial  of  the  following, 
which  I  have  already  published  in  the  Traite  des  Meth. 
Techniques,  Lee  et  Henneguy,  1902.  Sections  (I  have  not 
tried  material  in  bulk)  are  mordanted  (a  few  hours  will 
suiEce)  in  sulphate  of  iron  (Benda's  Liquor  ferri,  as  for  iron 
hematoxylin),  washed,  and  stained  for  an  hour  or  so  in  0-5 
per  cent,  solution  of  carminic  acid  in  alcohol  of  50  per  cent. 
Wash  in  alcohol  of  50  per  cent.;  no  differentiation  is 
necessary.  When  successful,  an  almost  pure  chromatin 
stain,  quite  as  sharp  as  iron  hasmatoxylin,  but  somewhat 
weak. 

221.  Iron  Carmine.— Ppeiffeb  von  Wellheim  {Zeit.  ■wiss.  Mih., 
XV,  1898,  p.  123)  mordants  for  six  to  twelve  hours  in  a  very  weak  solu- 
tion of  chloride  of  iron  in  50  per  cent,  alcohol,  washes  in  50  per  cent, 
alcohol,  and  stains  as  above.  Overstains  may  be  corrected  with  01  to 
0-5  per  cent.  HCl  alcohol.    I  find  this  good,  but  not  so  good  as  the  last. 

10 
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222  Iron  Carmine  (Zachabias.  Zool.  An..,  1894  p.  62).-Stam  for 

in  distilled  water.    A  chromatin  and  plasma  stam. 

223.  Iron  Carmalum  (b.  Geoot,  Zeit.  wiss.  Mih.,  xx,  1903 
p.  21).-Dissolve  0-1  gnn.  of  ferric  ala.n  n.  20  -  ^-t.l 
later  and  add  1  grm.  car^inic  ac.d.    dissolve  add  180 
of  water,  warm,  add  6  grms.  potasl.  aluxn,  d.solve  cool 
filter,  and  add  2  drops  of  hydrochloric  acid.     To  be  nsed 
carmalum,  and  said  to  give  a  stronger  strain. 

224  Iron  Cochineal  (Sphleb,  EncyclopBcU.  d.  mi/.  2;-/.-^,  1903 
lis  and  1910  p.  240).-Stain  for  48  hours  m  a  stove  m  ex  i act  of 
^o^hLTum^de  iJ.  a.hU  -P^ieTg^  l^^I^^^^ 

iZeit.  .iss.  MK  xxi,  1904,  p.  314)  stains 

48  honrs  sections  18  to  24)  in  an  --^^t^TcUTor  one^^^^^^^^^ 
fied  with  HCl,  treats  with  "---^'-^^     Per  cent  for  on  ^ 
dav  (sections  half  to  two  minutes),  then  alconoi,  xy    ,  i 

Hansen  ^hid.,  xxn,  1905,  p.  85)  stams  Bectio  ^ 
minutes. 

P   So-called  "  Nndral"  and  Alkaline. 
Make  .  simple  .olution  of  c«  »  Jj^;.,:: 'X^  „„t„  it  U 

w^te'       precipitate  »itli  alcohol,  .«a  dnes  .t. 
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228a.  Orth's  Lithium-Carmine  (see  early  editions)  macerates 
strongly,  and  is  superfluous.  For  that  of  Bust,  see  Zeit.  wiss.  Mik., 
xxiii,  190b',  p.  322. 

227.  Magnesia-Ca  rmine  (Mayer,  ZeiL  wiss.  ]\Iih.,  xiv,  1897,  p.  23). 
— Take  1  grm.  carmine,  01  grm.  magnesia  iista,  and  50  c.c.  distilled 
water,  boil  for  five  minutes,  filter,  and  add  thi-ee  drops  of  formol.  This 
is  the  stock  solution.  A  iveuh  solution  may  Ije  made  by  boiling  Ol  grm. 
carmine  for  half  an  hour  in  50  c.c.  of  magnesia  water  (made  by  leaving 
0-1  grm.  of  magnesia  usta  in  contact  with  100  c.c.  of  spring  water  for  a 
week  with  frequent  agitation,  and  decanting  when  required  for  use). 
Said  to  be  less  injurious  to  tissues  than  the  other  alkaline  carmines. 

228.  As  to  Picro-carmine.— The  term  "  picro-carmine  "  is 
commonly  used  to  denote  a  whole  tribe  of  solutions  in  which 
carmine,  ammonia^  and  picric  acid  exist  uncomlined  in  hap- 
hazard proportions.  These  solutions  do  not  contain  a  double 
salt  of  picric  and  carminic  acid  and  ammonia,  or  picro-car- 
minate  of  ammonia.  They  are  always  alkaline,  and  frequently 
injurious  to  tissues.  The  raison  d'etre  of  picro-carmine  does 
not  lie  in  its  capacity  of  affording  a  double  stain,  but  in  that 
the  picric  acid  in  it  is  supposed  to  neutralise  the  ammonia, 
which  it  only  does  imperfectly.  See  Mayer  in  Ztit.  wiss. 
Mik.,  xiv,  1897,  p.  18. 

229.  Ranvier's  Picro-carmine,  Original  Formula  (Traite,  p.  100). 
—To  a  saturated  solution  of  picric  acid  add  carmine  (dissolved  in 
ammonia)  to  saturation.  Evaporate  down  to  one  fifth  the  original 
volume  in  a  drying-ioven,  and  separate  by  filtration  the  precipitate  that 
forms  in  the  liquid  when  cool.  Evaporate  the  mother  liquid  to  dryness, 
and  you  will  obtain  the  picro-carmine  in  the  form  of  a  crystalline 
powder  of  the  colour  of  red  ochre.  It  ought  to  dissolve  completely  in 
distilled  water ;  a  1  per  cent,  solution  is  best  for  use. 

For  slow  staining,  dilute  solutions  may  advantageously  have  1  or  2 
per  cent,  of  chloral  hydrate  added  to  them. 

Overstaius  may  be  washed  out  with  hydrochloric  acid,  say  0-5  per  cent, 
in  water,  alcohol,  or  glycerin. 

Preparations  should  be  mounted  in  balsam,  or  if  in  glycerin,  this 
should  be  acidulated  with  1  per  cent,  of  acetic  acid,  or  better,  formic 
acid. 

Ranvier's  Newer  Formula  does  not  give  a  more  constant  product 
(see  previous  editions). 

230.  Van  Wijhb  dissolves  0-5  per  cent,  of  the  dry  ammonia-carmine 
^  225,  m  a  1  per  cent,  solution  of  neutral  picrate  of  ammonia,  boils  until 
the  vapour  ceases  to  blue  reddened  litmus  paper,  and  adds  1  por  c'^nt. 
of  chloral  hydrate.    Gives  an  almost  neutral  preparation. 
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231  Mayeb's  Picro-magnesia  Carmine  (Zeit.  wiss.  Mile,  xiv,  1897, 
M  25)  is  relatively  constant  and  innocuous  to  tissues.  It  consists  ot 
1  yol  of  the  stock  solution  of  nmgnesia-cannine  (§  227),  and  10  voh  "f 
a  0-6  per  cent,  solution  of  picrate  of  magnesia,  or  of  equal  parts  of  the 
t„e«//solution  and  the  picrate  solution.  The  picrate  may  he  ohtamed 
from  Gkubleb  &  Hollborn,  or  the  solution  may  he  made  hy  heating 
0-2.5  grms.  of  carhonate  of  magnesia  in  200  c.c.  of  0-5  per  cent,  solution 
of  picric  acid,  allowing  to  settle,  and  filtering. 

De  Gboot's  picro-magnesia  carmine  (iUd.,  xxix,  1912,  p.  184)  contains 
ammonia,  which  is  had,  and  seems  to  me  superfluous. 

232  Other  Formulae  for  Picro-earmine  and  Other  Aqueous 
Carmines  (Acid  and  Alkaline).-I  have  tried  most  of  them,  and 
foimd  no  real  advantage  in  any  of  them  (see  previous  edihom). 


B.  Algohoi.ic  Carmine  Stains. 
233.  Alcoholic  Borax-carmine  (Grenachbr,  Arch.  mil.  Anat. 
xvi  1879,  p.  466,  et  seg.).— Make  a  concentrated  solution  of 
carmine  in  borax  solution  (2  to  3  per  cent,  carmine  to  4  per 
cent,  borax)  by  boiling  for  half  an  hour  or  more  (or  allowing 
it  to  stand,  with  occasional  stirring,  for  two  or  tliree  days)  ; 
dilute  it  with  about  an  equal  volume  of  70  per  cent,  alcohol, 
allow  it  to  stand  some  time  and  filter. 

Preparations  should  remain  in  the  stain  until  they  are 
thoroughly  penetrated  (for  days  if  necessary),  and  then 
be  brought  {without  first  ivashing  ovt)  into  alcohol  q/  7U  fcr 
cent,  acidulated  with  4  to  6  drops  of  hydrochloric  acid  to  each 
100  cc.  of  alcohol.  They  are  left  in  this  until  they  have 
taken  on  a  bright  transparent  look  (which  may  require  days  , 
and  may  then  be  washed  or  hardened  in  neutral  alcohol 
Four  drops  of  HCL  is  generally  enough.    Three  drops  I  find 

not  quite  sufficient.  ,  •    +  ;f 

For  delicate  objects,  and  for  very  impermeable  objects,  it 

mav  be  well  to  increase  the  proportion  of  alcohol  in  the  stain  ; 

it  may  conveniently  be  raised  to  about  50  per  cent.    It  should 

not  exceed  60  per  cent,  in  any  case  (Matbi^. 

This  stain  used  to  be  the  most  popular  of  any  for  staining 

in  bulk.  It  is  easy  to  use,  and  gives  a  most  splendid  colora- 
tion But  it  is  not  so  penetrating  as  is  commonly  supposed, 
and  has  the  defect  of  sometimes  forming  precipitates  m  the 
cavities  of  bulky  objects  which  cannot  be  removed  by  washing 
out.  And  the  fluid  is  alkaline,  and  therefore  may  not  he 
suitable  for  certain  delicate  work. 
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234.  Mayek's  Paracarmine  {Mitth.  Zoul.  Stat.  Neapcl,  x,  S, 
1892,  p.  491).  — Cai-minic  acid,  1  gnn. ;  chloride  of  aluminiam, 
O'o  grni. ;  cliloride  of  calcium,  4  gnns.  ;  70  per  cent,  alcohol, 
100  c.c.     Dissolve  cold  or  warm,  allow  to  settle,  and  filter. 

Objects  to  be  stained  should  not  have  an  alkaline  reaction, 
nor  contain  any  considerable  amount  of  carbonate  of  lime 
(spicules  or  skeletal  parts  of  corals,  etc.)  which  would  give 
rise  to  precipitates.  Wash  out  sections  or  objects  intended 
to  be  sectioned,  with  pure  70  per  cent,  alcohol.  Objects  in- 
tended to  be  mounted  whole  may  be  washed  out  with  a  weak 
solution  of  aluminium  chloride  in  alcohol,  or  if  this  be  not 
sufficient,  with  5  per  cent,  common  acetic  acid  (or  2'5  per 
cent,  glacial  acetic  acid)  in  alcohol.  This  may  also  be  done 
with  section  material,  if  it  is  desired  to  obtain  a  more  purely 
nuclear  stain.  » 

For  staining  bulky  objects  with  large  cavities,  such  as 
Salpa,  the  solution  should  be  diluted  (with  alcohol)  ;  and  as 
this  may  cause  precipitates  to  form  during  the  staining, 
especially  if  the  objects  are  not  very  clean,  it  is  advisable  to 
slightly  acidify  the  dilute  sulutious. 

Instead  of  calcium  chloride,  which  is  very  hygroscopic, 
strontium  chloride  may  be  taken. 

Paracarmine  is  lesshui-tful  to  delicate  tissues  than  borax 
carmine  ;  it  is  more  highly  alcoholic,  therefore  more  pene- 
trating ;  and  has  less  tendency  to  form  precipitates  in  the 
interior  of  objects.  But,  in  my  hands,  it  does  not  give  quite 
so  fine  a  stain. 

234a.  Alcoholic  Hydro  chloric- Acid  Carmine. — Grenachee's  re- 
ceipt {Aich.  f.  Mile.  Anat.,  xvi,  1879,  p.  468)  is  troublesome.  That  of 
Mayer  (Mitth  Zool.  Stut.  Neapel,  iv,  1883,  p.  521 ;  Intern.  Monatsschr. 
f.  Anat.,  etc.,  1897,  p.  43)  is  better:  Carmine  4  grms. ;  water,  15  c.c. ; 
hydrochloric  acid,  30  drops.  Boil  till  the  carmine  is  dissolved,  add 
95  c.c.  of  85  per  cent,  alcohol,  and  neutralise  by  adding  ammonia  until 
the  carmine  Ijegins  to  precipitate. 

If  it  Ije  desired  to  dihite  the  solution,  it  should  be  done  with  alcohol, 
not  water,  and  alcohol  of  80  to  90  per  cent,  should  be  taken  for  washing 
out. 

A  very  powerful  stain,  which  I  have  found  useful.  If  it  be  desired  to 
have  a  purely  nuclear  stain,  the  alcohol  must  be  very  slightly  acidulated 
with  HCl. 

For  a  complicated  receipt  of  Loewenthal  see  Zeit.  wiss.  Mile,  xix, 
1902,  p.  56. 
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235  Alcoholic  Cochineal,  Mayior's  Old  Formula  (J/x////.  Zool. 
Slat  'Nraj>e.l.  ii,  1881,  p.  14).— Cochineal  in  coarse  powder  is 
macerated  for  several  days  in  alcohol  of  70  per  cent.  For 
each  gramme  of  the  cochineal  there  is  required  8  to  10  c.c. 
of  the  alcohol.     Stir  frequently.  Filter. 

The  objects  to  be  stained  must  previously  be  saturated 
with  alcohol  of  70  per  cent.,  and  alcohol  of  the  same  strength 
must  be  used  for  washing  out  or  for  diluting  the  staining 
solution.  The  washing  out  must  be  repeated  with  fresh 
alcohol  until  the  latter  takes  up  no  more  colour.  Warm 
alcohol  acts  more  rapidly  than  cold.  Overstainmg  seldom 
happens  ;  it  may  be  corrected  by  means  oi:  70  per  cent, 
alcohol,  containing  cent,  hydrochloric  or  1  per  cent. 

acetic  acid.  •     i  • 

Small  objects  and  thin  sections  may  be  stained  m  a  few 
minutes  ;  larger  animals  require  hours  or  days. 

A  nuclear  stain,  sligMy  affecting  protoplasm.  Ihe  colour 
varies  with  the  reaction  of  the  tissues,  and  the  presence  or 
absence  of  certain  salts  in  them.  Crustacea  with  thick 
chitinous  integuments  are  generally  stained  red,  most  other 
organisms  blue.  The  stain  is  also  often  of  different  colours 
in  different  tissue  elements  of  the  same  preparation.  Glands 
or  their  secretion  often  stain  grey-green. 

Acids  lighten  the  stain  and  make  it  yellowish-red. 
Caustic  alkalies  turn  it  to  a  deep  purple.  ,      ,  .  , 

All  acids  must  be  carefully  washed  out  from  the  objects 
before  staining,  or  a  diffuse  stain  will  result.  The  stain  is 
iDermanent  in  oil  of  cloves  and  balsam. 

Very  penetrating  and  especially  useful  for  Arthropoda. 
It  has  over  the  new  fluid  (next  §)  the  advantage  of  being 
more  highly  alcoholic  ;  and  it  does  not  contain  free  acid  so 
that  it  can  le  nsed  v:ith  colcareovs  structvrcs  which  it  is 
wished  to  preserve-which  the  new  fluid  cannot.  For 
specimens  of  for  instance,  I  find  it  excellent.    But  it 

only  gives  ,ocd  results  with  such  ob]ects  as  contain  the 
necessary  salts,  §  212. 

236.  MAYER'S  AleohoHe  Coehineal,  New  ^ ^^f^^^t^^J^^J^t' 
Stat.  Ncarel,  x,  1892,  p.  498).-Ccchiiieal,  5  grxns. ;  c^/^^f 
5grms.;  chloride  of  aluminium.  O'S  grm. ;  mtnc  "^''^  °*  ^  f  f^^"  f^^, 
8  drops    50  per  cent,  alcohol,  100  e.c.    Powder  the  eochmeal  and  ruh 
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up  with  the  salts,  add  the  alcohol  and  acid,  lieat  to  ])oiliiig-point,  leave 
to  cool,  leave  for  some  days  standing  with  frequent  agitation,  filter. 

Use  as  the  old  tincture,  the  objects  being  prepared  and  washed  out 
with  50  per  cent,  alcohol.  Mayer  only  recommends  it  as  a  succedaneum 
of  paracarmine. 

Since  this  fluid  contains  in  itself  all  the  necessary  salts  (§  212),  it 
gives  good  results  with  all  classes  of  objects. 


» 


CHAPTER  XIII. 


HiEMATElN  (iliEMATOXTLlN)  STAINS. 

237.  Introduction. — Essmatoxylin  is  a  dye  extracted  from 
logwood.  It  is  a  substance  that  oxidises  very  readily,  thus 
becoming  converted  into  hasmatein,  or,  as  often  happens,  mto 
other  more  highly  oxidised  products.  It  appears  to  be  now 
thoroughly  well  established  (see  Niktzki,  Chemie  Jer  organ- 
ischen  Fiirhstoffe,  Berlin,  Springer,  1889,  pp.  215—217,  and 
Mayek,  Mitth.  Zool.  Stat.  Neapel,  x,  1891,  p.  170)  that  the 
colouring  agent  in  solutions  of  logwood  or  hsematoxylin  is  not 
the  hfematoxylin  itself,  but  hajmatein  formed  in  them  (or,  in 
some  cases,  one  of  the  higher  oxidation  products). 

Hfematein  is  an  acid  body,  a  "  colour  acid"  (§§  203,205). 
Substantively  employed,  it  is  a  very  weak  plasma  stain.  But 
combined  with  appropriate  mordants  it  becomes  basophilous, 
and  can  be  made  to  give  a  powerful  nuclear  stain,  or  at^the 
same  time  a  nuclear  and  a  selective  plasma  stain.  The 
mordants  employed  in  histology  are  aluminium,  chrome,  n-on, 
copper,  and  (rarely)  vanadium  and  molybdenum.  Alumnnum 
and  iron  are  the  mordants  most  employed,  the  former  fur- 
nishing lakes  used  for  progressive  staining  of  material  m 
bulk,  the  latter  forming  in  most  cases  in  the  tissues  a  lake 
that  requires  differentiation,  and  is  only  applicable  to  the 
staining  of  sections. 

The  presence  of  a  sufficient  amount  of  h^mateui  in  stani- 
ing  solutions  was  formerly  brought  about  by  allowing  solu- 
tions of  hEematoxylin  to  oxidate  spontaneously  by  exposure 
to  air.  The  change  thus  brought  about  in  the  solutions  is 
known  as  "  ripening,"  and  until  it  has  taken  place  the  solu- 
tions are  not  fit  to  use  for  staining. 

It  was  discovered  by  Mayer  and  Unna  independently  (see 
Mayer  in  Mitth.  Zool.  Stat.  NeapeJ,  x,  1891,  pp.  170— 186  ; 
Unna  in  Zeit.  wiss.  Mile,  viii,  1892,  p.  483)  that  nothing  is 
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easier  than  to  bring  about  this  change  artificially  ;  all  that  is 
necessary  being,  for  instance,  to  add  to  a  solution  of  hasma- 
toxylin  containing  alum  a  little  neutralised  solution  of  peroxide 
of  hydrogen  or  other  powerful  oxidising  agent.*  The 
solution  becomes  almost  instantaneously  dark  blue,  "  ripe  " 
and  fit  for  staining.  Other  methods  of  "  ripening,"  or  of 
preparing  htematein  separately,  are  given  further  on,  and 
constitute  a  great  progress.  For  under  the  old  practice  of 
leaving  staining  solutions  to  "  ripen  "  by  the  action  of  the 
air,  it  is  necessary  to  wait  for  a  long  time  before  the  reaction 
is  obtained.  During  all  this  time,  it  may  be  weeks  or 
months,  there  is  no  means,  except  repeated  trial,  of  ascertain- 
ing whether  the  solution  at  any  moment  contains  sufficient 
htematein  to  afford  a  good  stain.  And  here  a  second  difficulty 
arises:  the  oxidising  process  continuing,  the  solutions  become 
"  over-ripe  the  hsematein,  through  further  oxidation,  passes 
over  into  colourless  compounds,  and  the  solutions  begin  to 
precipitate.  They  are  therefore,  in  reality,  a  mixture  in 
constantly  varying  proportions  of  "unripe,"  "ripe,"  and 
"overripe"  constituents  (the  first  and  last  being  useless  for 
staining  purposes),  and,  in  consequence,  their  staining  power 
is  very  inconstant. 

Logically,  therefore,  as  concluded  by  Mayee,  not  hasma- 
toxylin,  but  lieeviutein,  should  be  taken  in  the  first  instance 
for  making  the  staining  solution.  This  at  once  relieves  us 
from  the  tedious  and  uncertain  process  of  "ripening''  in  the 
old  way.    We  have  thus  a  ripe  solution  to  begin  with. 

But  this  is  not  always  indicated  ;  for  such  solutions  may 
easily  over-oxidise,  either  in  the  bottle  or  on  contact  with 
the  tissues.  So  that  it  is  sometimes  preferable  to  start 
from  liEematoxylin.  In  this  case,  it  should  not  be  done 
by  dissolving  the  hsematoxylin  straight  away  in  the  other 
ingredients  of  the  staining  solution.  The  solutions  should 
be  made  up  from  a  strong  stock  solution  made  by  dissolving 
hgematoxylin  crystals  in  absolute  alcohol  :  one  in  ten  is  a 
good  proportion.  This  solution  should  be  kejDt  for  a  long- 
time— months,  at  least,  a  year  if  possible  j  it  gradually 
becomes  of  a  vinous  red,  and  should  not  be  used  till  it  has 
*  Re-invented  lately  {Zeit.  wiss.  Mile,  xxix,  1912,  p.  69)  by  Piazza, 
who  adds  to  Boehmer's  solution  about  20  per  cent.,  to  Delafield's  about 
7  per  cent.,  to  Bhilich's  about  12  per  cent,  of  peroxide  of  hydrogen. 
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become  quite  dark.  It  has  tl.en  become  to  a  great  extent 
oxidised  into  l.a^mateiii,  and  the  staining  solutions  made  up 
from  it  will  be  at  once  fairly  ripe.  ,  .  ,i 

Heematein  (or  hematoxylin)  affords  a  stronger  stani  tlian 
carmine,  and  gives  better  results  with  tissues  fixed  in  osinic 
or  chromic  mixtures.  The  alum  solutions  are  indicated  for 
staining  in  bulk,  iron  hsematoxylin  for  sections. 

238.  Hsematoxylin  is  found  in  commerce  in  the  form  of 
crystals,  either  colourless  or  browned  by  oxidation,  easily 
soluble  in  either  water,  glycerin,  or  alcohol. 

H^matein  is  found  in  commerce  as  a  brown  powder,  en- 
tirely, though  with  difficulty,  soluble  in  distilled  water  and 
in  alcohol,  giving  a  yellowish-brown  solution  which  rem^^^^^ 
clear  on  addition  of  acetic  acid.  Alkalies  dissolve  it  with  a 
blue-violet  tint. 

Maveb  {Zeit.  wise.  Mile,  XX,  1903.  p.  409)  prepares  it  -  f^^^^^^ 
1  ^Hi  of  Lmatoxylin  is  dissolved  by  boihng  m  not  more  t^an  10  c^. 
oSilled  water,  and  to  the  solution  is  added  a  ^otjo^ni^^^  O.^^^^ 

excess  of  iodide  of  sodium  that  has  formed,  then  dry  the  lesidue. 

There  is  also  found  in  commerce  an  ammonia-compound 
of  h^m^tem-h^vratein-Arnmoniak,  also  known  as  F^ma- 
tinl  crystallisaUm  ;  this  may  be  obtained  m  a  sufficiently 
r.nvp  stntp  from  GiiiiBLER  &  HOLLBOIIN. 

Tl,  s  Lwhat  „,ove  easily  soluble  in  both  ™te,.  a„d 
aleohol  than  ha,mateiu  is,  and  does  imte  as  well  for  staunng 
purposes.    It  can  be  made  as  follows : 

ammoma  ot  0  8/t)  sp.  gr.;,  .luu        ° ,  ,  f       ^ore  than  half 

dimensions  that  its  ^^^X^^^;^^  Linary  temperature 
a  centimetre    Let  ^^^^  ^^^^^^^^ 

and  be  protected  from  dust  lUe  PJ^'J  Wmatoxylin- taken  in  the 
of  ammonia,  about  equal  ^ -^^^^J^^^^^ 

first  instance.  The  evaporation  should  not  be^^^^  are  insoluble  in 
^ay  give  nse  to  it  is  dry.  with 
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pliitiiium.  The  product  is  not  of  perfectly  constant  quality.  It  ought 
to  dissolve  easily  in  water  or  alcohol,  and  the  solution  should  not 
become  turbid  on  addition  of  acetic  acid  ;  if  it  does,  it  is  over-oxidised. 

240.  Iron  Hsematoxylin,  Generalities.— This  method  is  due 
to  Benda  [VerJi.  Phy.^.  Ges.,  1885— 1886,  Nos.  12,  13,  14; 
Arch.  Anat.  Phys.,  1886,  p.  562  ;  third  ed.  of  this  work,  p.  365). 

The  method  was  independently  worked  out  about  the  same 
time  by  M.  Heidenhain.  The  method  is  almost  universally 
practised  in  the  form  given  by  Heidenhain,  not  on  account 
of  any  essential  difference  between  the  two,  for  there  is 
none,  but  chiefly  because  Heidenhain  has  given  more  precise 
instructions  concerning  the  process. 

After  carefully  comparing  Heidenhain's  process  with 
Benda's  later  process  (next  §),  I  find  that  the  two  give  an 
absolutely  identical  stain  ;  that  is  to  say,  that  if  you  mor- 
dant in  Benda's  liquor  ferri,  next  §,  and  differentiate  in  the 
same,  you  will  get  exactly  the  same  effect  as  by  mordanting 
in  ferric  alum  and  differentiating  in  the  same.  But  you  may 
vary  the  results  somewhat  by  varying  the  diffei'entiation. 
Benda  has  pointed  out  {Verb.  Anat.  Ges.,  xv,  1901,  p.  156) 
that  you  may  differentiate  either  by  an  agent  which  simply 
dissolves  the  lake — such  as  acetic  or  hydrochloric  acid  ;  or 
by  an  oxidising  agent,  such  as  chromic  acid,  or  the  liquor 
ferri  or  the  ferric  alum.  The  former,  he  thinks,  are  the 
best  for  the- demonstration  of  nuclear  structures,  the  latter 
for  cytoplasmic  structures.  For  these  he  greatly  recom- 
mends Wejgert's  borax-ferricyanide  mixture,  as  being  the 
easiest  and  safest  to  employ. 

For  myself,  I  find  that  differentiation  in  the  iron  salt 
(§  241  or  §  242)  is  sufficient  for  almost  all  purposes.  Acetic 
acid  of  30  per  cent,  acts  much  too  quickly  to  be  safe,  and 
causes  swelling  of  the  tissues. 

Van  Gibson's  picro-saurefuchsiu  has  been  recommended 
as  a  differentiation  fluid  by  Benda  [Deutsch.  med.  Wochen- 
f^chr.,  1898,  No.  30).  I  find  it  gives  very  delicate  differ- 
entiations, but  acts  very  slowly,  requiring  nearly  as  many 
hours  as  the  iron  alum  solution  does  minutes.  The  addition 
of  the  saurefuchsin  to  the  picric  acid  is,  I  find,  not  necessary, 
and  may  prove  an  injurious  complication. 

In  these  processes  hsematoxylin  is  generally  used  for  the 
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stain  not  luvmakdn,  the  iron  salt  oxidising  it  into  luunia- 
tein  01-  into  a  higlier  oxidation  product.  I  have  obtained 
some  good  stains  witli  liasmatein,  but  also  some  very  bad 
ones ;  presumably  the  solutions  easily  over-oxidise  on  con- 
tact with  the  iron  salt. 

The  lifBraatoxylin  is  generally  dissolved  in  water,  i 
frequently  prefer  alcohol,  of  50  per  cent.,  as  less  injurious 
to  tissues. 

The  method  is  a  regressive  one.  It  has  been  proposed  to 
stain  progressively,  which  I  have  tried,  and  had  extremely 

bad  results.  ,  u    l-      i  v 

The  differentiation  requires  to  be  carefully  timed,  i  or 
this  reason  the  method  is  only  applicable  to  sections,  which 
should  be  thin,  best  not  over  10  /i. 

Iron  htematoxylin  is  one  o£  the  most  important  of  stains. 
It  enables  us  to  stain  elements  which  cannot  be  selectively 
stained  in  any  other  way.  The  stain  is  very  power  u  ,  and 
of  a  certain  optical  qualitu  that  is  peculiarly  suited  to  the 
employment  of  high  power.;  it  will  allow  of  the  use  of 
deeper  eye-pieces  than  other  stains.  It  will  take  effect  on 
any  material,  and  is  quite  permanent.  Further  details  as 
to  the  characters  of  the  stain  are  given  m  §  242. 

241  Benda's  later  Iron  Hsematoxylin  {Verb.  d.  Anal.  Ges., 
vii,  1,"  1893,  p.  161).-Sections  are  mordanted  lor  tw^^^^^^^^^ 
four  hours  in  Z/g«or  ferri  suphuru■^  oo^^dal^,  P.G  diluted 
lith  one  or  two  volumes  of  water.     They  are  then  well 
washed  first  with  distilled  water,  then  with  tap  water  and 
Te  brought  into  a  1  per  cent,  solution  of  ha3matoxylin  in 
wlr,  in  which  they  remain  till  they  have  become  thorougldy 
Hack     They   are  then  washed   and   differentiated.  The 
d  fferentiation  may  be  done  either  in  30  per  cent,  acetic 
a  S   n  which  case  the  progress  of  the  decoloration  mus 
be  watched;  or  in  a  weaker  acid,  which  ^^^^ 
watching;  or  in  the  sulphate  solution  strongly  dduted  .ith 

"tfind  that  if  the  iron  solution  be  taken  for  the  differen- 

*  TMs  preparation  consists  ^^^^^l^^:^!. 
sulphuric  acid,  15;  and  mtnc         ^^'^^    '  f  "  instead  ■  tlie  point 
Donhtless  tlie  ferri  persulplatis  Inuor  B  P.  will  do  instead  ,  1 
is,  to  have  a  per-salt,  and  not  a  proto-salt. 
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tiatiou,  it  should  bo  taken  extremely  diluted  (of  a  uery  pale 
straw-colour,  about  1  :  30  of  water),  and  tlie  progress  of 
the  differentiation  watched  ;  as  if  it  be  only  diluted  about 
tenfold,  for  instance,  the  decoloration  is  extremely  rapid. 
See  also  last  §. 

I  also  find  that  Benda's  mordant  is  unnecessarily,  some- 
times harmfully,  strong,  and  that  the  Liquor  ferri  may  be 
diluted  tenfold  with  advantage.  The  duration  of  the  bath 
in  the  mordant  is  also  for  most  purposes  excessive  as 
directed  by  Benda.  I  find  that  three  to  six  hours  in  the 
solution  diluted  tenfold  is  generally  sufficient,  with  favour- 
able material. 

242.  Heidenhain's  Iron  Hgematoxylin  (M.  Heidenhain, 
"  tiber  Kern  und  Protoplasma,"  in  Festschr.  fiir  Kdlliher, 
1892,  p.  118). — -.Sections  are  treated  from  half  an  hour  to  at 
most  two  or  three  hours  with  a  I'S  to  4  per  cent,  solution  of 
ferric  alum  (ammonio-ferric  sulphate).  By  this  is  always 
meant  in  histology  the  double  salt  of  ammonium  and  sesqni- 
oxide  of  iron  (NH^)3Fe3  (SO^),^,,  in  clear  violet  crystals ;  the 
double  salt  of  the  protoxide,  or  salt  of  Mohr  in  green 
crystals,  will  not  serve.  If  the  crystals  have  become  yellow 
and  opaque,  they  have  gone  bad,  and  should  be  rejected. 
They  ought  to  be  kept  in  a  stoppered  bottle,  and  the  solution 
should  be  made  in  the  cold  (^Arch.  viih.  Anat.,  xliii,  1894, 
pp.  431,  485).  The  sections  are  theii  washed  with  water 
and  stained  for  half  an  hour  in  an  aqueous  solution  (of 
about  0"5  per  cent.)  of  heematoxylin.  They  ai"e  then  rinsed 
with  water,  and  again  treated  with  the  iron  solution,  which 
slowly  washes  out  the  staui.  The  progn-ess  of  the  differen- 
tiation ought  to  be  controlled  under  the  microscope.  The 
sections  should  to  this  end  be  removed  from  time  to  time 
from  the  alum  solution,  and  put  into  tap-water  whilst  they 
are  being  examined.  This  is  favourable  to  the  stain.  As 
soon  as  a  satisfactory  differentiation  has  been  obtained,  the 
preparations  are  washed  for  at  least  a  quarter  of  an  hour  in 
running  water,  but  not  more  than  an  hour,  and  mounted. 
The  results  differ  according  to  the  duration  of  the  treat- 
ment with  the  iron  and  the  stain.  If  the  baths  have  been 
of  short  duration,  viz.  not  more  than  half  an  hour  in  the 
iron  and  as  much  in  the  stain,  blue  preparations'  will  be 
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obtained.    These  show  a  very  intense  and  highly  diiferen- 
tiated  stain  of  nuclear   structures,  cytoplasmic  structures 
being  pale.     If  the  baths  in  the  iron  and  in  the  stain  have 
beeu°  prolonged  (twelve  to  eighteen  hours),  and  the  sub- 
sequent  differentiation   in  the   second  iron  bath  also  duly 
prolonged,    hlarh   preparations    will    result.     These  show 
chromosomes  stained,  central  corpuscles   stained  intensely 
black,  cytoplasm  sometimes  colourless,  sometimes  grey,  in 
which  case  achromatic   spindle-fibres   and    cell-plates  are 
stained,  connective-tissue  fibres  black,  red  blood-corpuscles 
black,  micro-organisms  sharply  stained,  striated  muscle  very 
finely  shown. 

Later  {Zeit.  wiss.  Mile,  xiii,  1896,  p.  186)  Heidenhain  gives 
further  instructions  for  the  employment  of  this  stain  m  the 
study  of  central  corpuscles.    All  alcohol  should  be  removed 
from  the  tissues,*  by  means  of  distilled  water  before  bnngmg 
them  into   the   mordant.     This  should  be  a  2^  per  cent, 
solution   of  ferric  alum,   not   weaker.     Leave  the  sections 
therein  (fixed  to  slides  by  the  water  method,  §  186)  for  six 
to  twelve  hours,  or  at  least  not  less  than  three.     Keep  the 
slides  upright  in  the  mordant,  not  lying  flat.     Wash  out  ireU 
with  water  before  staining.     Stain  in  a  "  ripened  "  htema- 
toxylin  solution,  i.  e.  one  that  has  stood  for  four  weeks  [ot 
course,  if  you  make  it  up  with  the  ripened  brown  alcoholic 
solution  recommended  §  237  srth.  fin.,  this  will  be  superfluous] . 
Stain  from  twenty-four  to  thirty-six  hours.     Use  the  same 
staining  solution  over  and  over  again  until  it  becomes  spoilt ; 
for  the  solution  after  having  been  used  gives  a  more  ener- 
getic stain,  owing  to  its  containing  a  trace  of  iron  brought 
over  by  the  sections.     Differentiate  in  a  2^  per  cent,  solu- 
tion of  ferric  alum.     Rinse  for  ten  minutes  in  running  water, 
clear  with  xylol,  not  with  any  essential  oil,  and  mount  in 
xylol-balsam.     See  also  under  Centrosomes." 

BiELASZEWics  {Bull.  Acad.  Craoovie,  1909,  2  serie^  p.  152)  differen- 
tiates with  very  weak  solution  of  calcium  chloride;  Guaenieei  (Mon. 
Zool.  Ital.,  xvii,  1906.  p.  44)  with  saturated  solution  of  picric  acid. 

GuBWi;scH  (Zeii.  wiss.  Mile,  xviii,  1902,  p.  291)  iioods  sections  on 
the  slide  with  mordant,  warms  on  a  water-bath  till  bubbles  are  given  off 

#  WhT?  I  find  my  iron-alum  solution,  as  well  as  the  liquor  fcrri 
sulph.  did.,  last  §,  mix  clear  with  alcohol  without  the  least  precipitate 
forming. 
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or  the  mordant  becomes  turbid,  then  stains  with  the  hsematoxylin  in 
the  same  way.    The  whole  process  takes  about  ten  minutes. 

Held  {Arch.  Anat.  Phys.,  Anat.  Ahth.,  1897,  p.  277)  adds  to  the 
staining  bath  a  very  little  of  the  iron-alum  solution  until  a  scai-cely 
perceptil)le  precipitate  is  produced.  A  dangerous  practice.  I  find  it  is 
not  even  safe  to  add  a  little  of  an  over-used  hath,  (supra). 

Feancotte  (Arch.  Zool.  Exper.,  vi,  1898,  p.  200)  mordants  with  tarlrate 
of  iron,  Malloey  (Journ.  Exper.  Mod.,  v,  1900,  p.  15)  with  chloride. 

243.  Iron  Hsematoxylin  (Butschli,  TJniers.  fiber  mihroslcopisclie 
Schi'mme  u.  dns  Protoplasma,  etc.,  1892,  p.  80). — Sections  treated  with  a 
weak  bro%vn  aqueous  solution  of  ferric  acetate,  washed  with  water,  and 
stained  in  0'5  per  cent,  aqueous  solution  of  htematoxylin.  A  stain  of 
extraordinary  intensity,  used  by  Biitschli  for  sections,  1  in  thickness, 
of  Pi'otozoa. 

244.  Weigert's  Iron  Hsematoxylin  Mixture  (Zeit.  wiss.  Mik.,  xxi, 
1904,  p.  1). — Mix  one  part  of  a  1  per  cent,  solution  of  hsematoxylin  in 
alcohol  of  96  per  cent,  with  one  of  a  solution  containing  4  c.e.  of  liq. 
ferri  sesquichlor.,  1  c.c.  of  officinal  hydrochloric  acid  (sj).  gr.  1124)  and 
95  of  water.  The  mixture  may  be  kept  for  some  days  (until  it  begins  to 
smell  of  ether),  but  is  bast  used  fresh.  Stain  sections  for  a  few  minutes ; 
no  difEerentiation  is  necessary. 

For  an  earlier  process  of  Weigbet's  {Allg.  Zeit.  Psychiatr.,  1894,  p. 
245)  see  last  edition. 

MoEBL  and  Bassal  {Journ.  Anat.  Phys.,  xlv,  1909,  p.  632)  stain  in 
bulk  in  Weigert's  mixture  with  the  addition  of  1  c.c.  of  4  per  cent,  solu- 
tion of  acetate  of  copper. 

245.  Janssbns'  Iron  Hsematoxylin  ("Hematoxyline  noire";  La 
Cellule,  xiv,  1807,  p.  207). — A  similar  mixture  to  that  of  Dblapield, 
ferric  alum  being  taken  instead  of  ammonia  alum,  the  rest  as  in  Dela- 
field's.    A  progressive  stain,  nuclear :  for  yeast  cells. 

246.  Hansen's  Iron  Hsematoxylin  {Zeit.  wiss.  Mile,  xxii,  1905,  p.  55). 
— A  solution  of  10  grms.  ferric  alum  in  150  c.c.  water  is  added  to  a 
solution  of  1-6  grm.  hsematoxylin  in  75  c.c.  water,  the  mixture  heated 
to  boiling-point  and  cooled  without  access  of  air.  Filter  before  use. 
To  get  a  pure  nuclear  stain,  add  dilute  sulphuric  acid. 

247.  Aluminium  Hsematein  (Alum  Hsematoxylin)  Generalities. 

— The  mordant  and  dye  are  generally  combined  in  a  single 
staining  bath,  giving  a  j'Togressive  stain.  The  stain  is  in 
different  tones  of  blue  or  red  according  to  the  composition  of 
the  staining  solation.  Neutral  or  alkaline  solutions  give  a 
blue  stain ;  acid  solutions  give  a  red  one.  In  order  to  get  a 
blue  stain  in  preparations  that  have  come  out  red  through 
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the  acidity  of  the  staining  bath,  it  is  a  common  practice  to 
treat  them  with  weak  ammonia,  in  the  belief  that  the  blue 
colour  is  restored  by  neutralisation  o£  the  acid  that  is  the 
cause  of  the  redness.     According  to  Mayer,  the  ammonia 
acts  not  by  neutralising  the  acid,  but  by  precipitating  the 
'alumina,  which  carries  down  the  haematein  with  it  (if  no 
alumina  were  present  the  colour  would  be  purple,  not  blue). 
The  same  reszdt  can  generally  be  obtained  by  merely  washing 
out  with  common  tap-water,  which  is  usually  sufficiently 
alkaline,  and  can  be  obtained  with  certainty  by  treatment 
with  bicarbonate  of  soda  or  acetate  of  soda  or  potash.  And 
this  is  the  preferable  course,  as  ammonia  is  certainly  a 
dangerous  thing  to  treat  delicate  tissues  with    _  Of  course 
this  is  a  different  question  from  that  of  neatrahsmg  with  an 
alkali  tissues  that  have  been  treated  with  an  acid  to  correct 
over-staining.     Here  the  neutralisation  may  be  indicated  in 
the  interest  of  the  preservation  of  the  stam. 

Squire  (Methods,  p.  22)  finds  that  sections  can  be  blued  m 
a  few  seconds  by  treatment  with  a  1  :  1000  solution  of  bicar- 
bonate of  soda  in  distilled  water.  May.r  holds  that  aceta  e 
of  potash  is  the  most  inoffensive  reagent  to  take  ;  a  strength 
of  0-5  to  1  per  cent,  may  be  taken. 

Several  of  these  solutions  have  a  great  tendency  to  over- 
stain.  Over-stains  may  be  corrected  by  washing  out  with 
weak  acids  (e.g.  O'l  to  0-2  or  even  0-5  per  -  •  «  ^^ydro- 
chloric  acid,  or  with  oxalic  or  tartaric  acid  ,  this  is  not 
Lourable  to  the  permanence  of  the  stain.  (La 
Cellule  xii,  2,  1897,  p.  215)  recommends  iodised  watei.  it 
acl  be  used,  it  is  ^c^l  to  neutralise  afterwards  with  ammonia 
or  bicarbonate  of  soda  (Ol  per  cent.).  ,  ... 

Bicarbonate  of  soda  may  be  used  for  neutralisation  wiUi 
70  per  cent,  alcohol  as  the  vehicle  (von  Wisxinghausen, 
Mitth.  Zool.  Stat.  Neapel,  x,  1891,  p.  41).  _ 

Over-staining  may  be  avoided  by  staining  very  slowly  m 
dilute  solutions'    The  purest  chromatin  ^f^^^JitlZt 
by  staining  for  a  short  time  (sublimate  sections  half  an  hour 
X    in  solutions  of  .^edn.n  strength,  such  as  h.^nialuni 
dUuted  ten  to  twenty-fold  with  water.    The  stam  obtamed 

*  TTtschbb  in  bis  Fixirung,  Farhung  u.  Ban  des  Protoplusmus, 
15M5noi'nota,dniit  this  explanation.    He  proposes  another  one  of 
ar  highly  speculative  nature. 
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either  with  very  strong  solntionS;  or  with  the  slow  stain  of 
the  dilute  solutionSj  is  at  the  same  time  a  plasma-stain,  Avhich 
of  course  may  or  may  not  be  desired.  Mayer  says  that  very 
dilute  solutions  will  give  a  pure  nuclear  stain  if  they  have 
been  diluted  with  alum-solution,  or  have  been  acidified. 
Ch  romosmium  material  will  not  yield  a  pure  chromatin 
stain  unless  it  is  yerj  fresh ;  it  is  consequently  next  to  im- 
possible to  obtain  the  reaction  with  paraffin  sections  of  such 
material ;  they  constantly  give  a  plasma-stain  in  addition  to 
the  chromatin  stain,  which  is  not  the  case  with  sublimate 
material. 

The  stain  is  fairly  permanent  in  balsam,  but  is  very  liable 
to  fade  a  little,  and  may  fade  a  great  deal.  If  acids  have 
been  used  after  staining,  great  care  should  be  taken  to  Avash 
them  out  thoroughly  before  mounting.  In  aqueous  media  the 
stain  cannot  be  relied  on  to  keep  (this  refers  to  the  old  solu- 
tions :  Mayer  finds  that  his  hsematein  preparations  have  kept 
well  for  at  least  some  months  in  glycerin,  if  not  acid,  and, 
with  certain  precautions,  in  balsam).  Turpentine-balsam 
should  not  be  used. 

Formulas  §§  248  to  259  give  aqueous  solutions;  and 
§§  260  to  263  alcoholic  ones. 

248.  Mayer's  Haemalum,  Newer  Formula  [Zeit.  wiss.  Mih.,  XX, 
1903,  p.  409). — Exmatoxylin,  1  grm. ;  water,  1  litre.  Dis- 
solve, and  add  0-2  grm.  of  iodate  of  sodium  (NaI03)  and 
50  grms.  of  alum,  dissolve  and  filter. 

This  is  an  amended  foi-mula.  The  original  one  [Mitth.  Zool.  Stat. 
Neapel,  x,  1891,  p.  172)  was :  One  gi-m.  of  hmmcdein  (or  the  ammonia  salt, 
§§  238,  239)  dissolved  with  heat  in  60  c.c.  of  90  per  cent,  alcohol,  and 
added  to  a  solution  of  50  gr.  of  alum  in  a  litre  of  distilled  water. 

This  solution  does  not  keep  very  well,  but  may  be  made 
more  stable  by  adding  50  grms.  of  chloral  hydrate  and  1  grm. 
of  citric  (or  acetic)  acid. 

It  stains  equally  well,  either  at  first,  or  later.  Con- 
centrated, it  stains  sometimes  almost  instantaneously,  or  in 
any  case  very  rapidly.  (Spring  water  or  tap-water  contain- 
ing lime  must  not  be  used  for  diluting;  perhaps  weak 
solution  of  alum  in  distilled  water  is  the  best  means  of  all.) 
After  staining,  sections  may  be  washed  out  either  with 
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diBtiUed  ov  con.r.on  water.    It  is  -^-^-'^^'^  f;:' 
luLlc.     Lavge  oT^jects  will,  however    -^l-^^"^ f'^;^^^ 
hours'  staining,  and  should  be  washed  out  for  the  same 
thne  (tht  shoSd  he  done  with  1  per  cent,  alum  so  utxon  .f 

a  Sa  r--i-^-  ™"  rr"' 

L  washed  out  of  the  tissues  before  mounting  balsam  ; 
and  it  is  well  to  blue  the  stain  with  tap-water  or  otherw.se 
§  257  The  stain  is  generally  a  nuclear  one ;  an  any  case 
nch  may  be  obtained  by  washing  out  w.th  alum-solut  on^ 
Mayer's  prep-ations  have  kept  well  in  glycer.n  (ca.-e  ben,g 
^ken  not  to  have  it  acid),  also  in  balsam.    I  oil  of  bergamot 

be  used  for  clearing,  it  must  be  tW^^^^^^  ^^J^tv/s 
means  of  oil  of  turpentine  before  mountmg,  and  oil  of  cloves 
rd^Lerons.  It  is  best  (Mayer,  in  UtQ  to  use  only  xylol, 
bewfTchloroform,  and  to  mount  in  xylol-balsam  or 

chloroform-balsam  or  benzol-balsam.  „f„p-u^^n 
Lmalum  maybe  -xed  with  alum-carmnre  Sau  efu  h^^^^ 
or  the  like,  to  make  a  double  staimng  mixture;  but  it  seems 
preferable  to  use  the  solutions  in  succession. 

249  Maybe's  Acid  H^malum  {Mitlh.  Zool.  Stat.  Neapel,  x 
1891   p   174).-This  is  heemalum  with  2  per  cen  .  glacial 
acetic  acid  (or  4  per  cent,  common  acetic  acid)^     To  be  jed 
the  last  washing  out  with  ordinary  watei  m  oidei  to 
as  the  last,  was     g  solution  keeps  better, 

obtain  a  blue-violet  tint  ot  scam.  xn^ 

250.  UNN.'s  Half-ripe  Constant  Stool.  Solution  (Zeit.  .'.ss.  Mik., 
viii,  1892,  p.  483).  1 


HtEuiatoxylin  . 
Alum 
Alcohol 
Water 


10 
100 
200 


Sublimed  sulphur  .       •       ■       •  Q^iy  ^hen  the 

If  the  sulphur  be  added  to  the  ^^-^^^^  ^Zo  o^i^...  days' 
latter  has  become  somewhat  strongly  l^e  ^.  -    *  x  ^  ^^^^ 
time,  the  stage  of  oxidation  f^^^^^J^^^^Z.  the  solution  will 
some  time  by  the  sulphur,  and  ^^f"^^"^     ^jj^-^^,,  Zool.  Stat  Neapel, 
remain  "constant"  in  stauung  power.  Mayer  ^^^^'^^ 

xii,  1896,  p.  309)  finds  that  the  sulphur  ll'^^^TGl^.i^^^r^v^" 
solutions  for  long,  whilst  glycenn  does  ;  see  below, 

p  310).-Hmmatein  (or  ha^mateate  of  ^      ^^^^j^^  30  ^  distilled 

up  n  a  few  drops  of  glycerin) ;  a  um,  ^  S™^     ^  de  so  by 

^ater  70    The  stain  is  not  purely  nuclear,  but  may  be 
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washing  out  with  ahim  sohition  or  a  weak  acid.  The  sohifcion  hceps 
admirably . 

Rawitz  (Leilfaden,  2nd  ed.,  p.  63)  takes  1  grra.  hasmatein,  6  grms. 
ammonia  ahim,  200  grms.  each  of  water  and  glycerin. 

Or  {Zeit.  wiss.  Mik.,  xxv,  1909,  p.  391)  1  grm.  hasmatein,  10  grms. 
of  nitrate  of  aluminium,  250  grms.  each  of  water  and  glycerin. 

252.  Hansen's  Solution  (Zool.  Anz.,  1895,  p.  158). — ^ee  fourth  edition. 
Hansen  oxidises  a  mixtiire  of  alum  and  hcematoxylin  by  means  of  per- 
manganate of  potash.  I  find  it  does  not  keep.  See  also  Mayer  in 
Mitth.  Zool.  Stat.  Neapel,  xii,  1896,  p.  309,  or  the  Grundziigc,  Lee  and 
Mater,  1901,  p.  171. 

253.  Harris's  Solution  (Micr.  Bull,  xv,  1898,  p.  47 ;  Journ.  App. 
Mic,  iii,  p.  777). — Alum-hfematoxylin  solution  ripened  by  addition  of 
mercuric  oxide.  Mayer  {G-nmdzilge,  1901,  p.  171)  finds  the  formula 
"  gives  too  much  hsemateiu." 

254.  Bohmer's  Hsematoxylin  (Arch.  mile.  Anat.,  iv,  1868,  p.  345; 
Aerzt.  Intelligenzbl.,  Baievn.,  1865,  p.  382).— Make  (a)  a  solution  of 
hajmatox.  cryst.  1  part,  alcohol  (absolute)  12  parts  and  (b)  alum  1  part, 
water  240.  For  staining,  add  two  or  three  drops  of  A  to  a  watch-glassful 
of  B. 

The  alcoholic  solution  of  hsematoxylin  ought  to  be  old  and  dark 
(§  237). 

255.  Dslafield's  Hsematoxylin  [Zeit.  u-iss.  Mih.,  W,  1885,  p. 
28S;  frequently  attributed  eiToneonsly  to  Gbisnacher  or 
Prudden). — To  400  c.c.  of  saturated  solution  of  ammonia- 
alum  (that  is  about  1  to  11  of  water)  add  4  grms.  of 
liasmatox.  crysfc.  dissolved  in  25  c.c.  of  strong  alcohol. 
Leave  it  exposed  to  the  light  and  air  in  an  unstoppered 
bottle  for  three  or  four  days.  Filter,  and  add  100  c.c.  of 
glycerin  and  100  c.c.  of  methylic  alcohol  (CH^O).  Allow 
the  solution  to  stand  (uncorked)  until  the  colour  is  sufficiently 
dark,  then  filter. 

'J'his  solution  keeps  for  years.  It  is  well  to  allow  it  to 
ripen  for  at  least  two  months  before  using  it. 

For  staining,  enough  of  the  solution  should  be  added  to 
pure  water  to  make  a  very  dilute  stain.  It  is  an  extremely 
powerful  stain. 

It  is  still  much  used.     I  find  that  when  loell  ripened— ^oy 
years  rather  than  months— it  is  quite  a  first-class  stain. 

BijTSCHLi  (Unters.  iih.  mikroscopische  Schimme  u.  das  Protoplasma, 
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etc  recommends,  under  the  name  c,f  "  acid  hicmatoxylin^"  soh^t^on 

of  DeKf^^  d  ve"  strongly  diluted,  and  with  enough  acetic  acid  added  to 
1 1^  git  It  a  die  idedly  i' d  tint.    This  gives  a  sharper  and  more  dilJer- 

-JS^r (lS;:^rr  ^^^^^^  3.  ma.es  it  up  .ith  0. 

per  cent,  of  ha^matein,  and  less  alum  (2  per  cent.). 

256  Ehrlich's  Acid  Hematoxylin  {Zeit.  wis.  MiK  1886  p. 
150)  -Water  100  c.c,  alDsolute  alcohol  100,  glycerin  100, 
Jlacial  acetic  acid  10,  ha^matoxylin  2  grms.  alum  in  excess 
^  Let  the  mixture  ripen  in  the  light  (with  occasiona 
admission  of  air)  until  it  acquires  a  dark  -d  colour  I 
will  then  heep,  with  constant  staining  power,  fc.  yea  s^^i 
kept  in  a  well-stoppered  bottle.  It  is  very  ^^P-^^- 
staining  in  hulk,  as  over-staining  does  not  occur.     I  find 

"t^l\ihid.,  xi,  1895,  p.  487)  makes  up  this  sixain  .vith  an 
equal  quantity  of  h^ematein  instead  of  heematoxyhn. 
^  Mayek  [alundniqe.,  L.e  and  Matbr,  first  edition,  p.  154) 
finfs  that  this  is  to;  much  and  makes  the  mixture  overstam  ; 
0-4  grm.  of  hfematein  is  quite  enough. 

.57.  BiTBCHAKBT's  PyroligneouB  Acid 
Av!l  liii,  1898,  p.  232)  would  seem  to  he  superfluous  at  least. 

258.  U.KA's  Oxidised  Hematoxylin  (from  MA™Ta.,  Z^^^^ 

water  60,  alcohol  10,  glycerin  20,  peroxide  of  hydiogen 
solution  10,  carbonate  of  soda  0-05. 

MAET3K0TTI,  loc.  cIL,  makes  it  up  with  hsemate^n  (0  2  gims). 

259  Apathy's  Hematein  Mixture  I  A  {Milth.  Zool.  Stat 
..ef'e.,  xii,  1897,  p.  712)._Make_(A)  a  solution  o   9  p^r  cent. 

.lull  3  per  cent,  f^^^  -J;-^^^',^'^^  utirof 
c^nliovlic  acid  in  water,  and  b)  a  i  pei  cluu. 
Sitox  lin  in  70  per  cent,  alcohol  preserved  for  six  to  e,g^^^ 
weeks  in  a  bottle  not  quite  full.  Mix  one  part  of  a  witl  one 
If  Bid  one  of  glyceil.  Stains  either  sections  or  material 
iu  bulk.     Apathy  uses  it  for  staining  neuro-fibrils. 

260.  KLEXK^NBEKo's  Hematoxylin  (^'--^^^'j^:  "^^olS^i 
^g^g^  p  208).-Highly  irrational  and  very  inconstant  m  its  comi 
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and  its  effects  ;  see  early  editions  ;  also  the  criticism  of  Mayer  (Mitth. 
Zool.  Stat.  Neapd,  x,  1891,  p.  174),  and  that  of  Squire  in  his  Methods 
and  Formuhe,.  p.  25,  and  the  alternative  formula)  of  Squire  {loc.  cit.) 
and  of  VON  Wistinghausen  {MUth.  Zool.  Stat.  Neapel,  x,  1891,  p.  41). 

261.  Mayer's  Haemacalcium  {Mitth.  Zool  Stat.  Neapd,  x, 
]891,  p.  182). — Hajinatein  (or  liasraateate  of  ammonia,  §§  238, 
239),  1  grin. ;  chloride  of  aluminiam,  1  grm.  ;  cliloride  of 
calcium,  50  grras. ;  glacial  acetic  acid,  10  c.c.  (or  common 
acetic  acid,  20  c.c.)  ;  70  per  cent,  alcohol,  600  c.c.  Rub  up 
finely  together  the  first  two  ingredients,  add  the  acid  and 
alcohol,  dissolve  either  cold  or  with  heat;  lastly  add  the 
chloride  of  calcium. 

If  the  objects  stain  in  too  red  a  tone  they  may  be  treated 
with  a  solution  (of  about  2  per  cent.)  of  chloride  of 
aluminium  in  70  per  cent,  alcohol,  or  with  a  0-5  to  1  per 
cent,  solution  of  acetate  of  soda  or  potash  in  absolute 
alcohol;  but  washing  with  neutral  alcohol  will  generally 
sufiice. 

With  certain  objects  this  solution  does  not  penetrate  well. 
This  may  be  remedied  by  acidifying  the  solution,  or,  which 
is  better,  by  leaving  the  objects  for  some  time  before  stain- 
ing in  acid  alcohol.  Anyway  objects  ought  not  to  have  an 
alkaline  reaction.  If  these  precautions  be  taken,  it  will  not 
be  necessary  to  use  acid  for  washing  out. 

The  solution  is  not  recommended  as  giving  as  good  results 
as  hasmakim,  and  Mayer  recommends  it  merely  as  a  substi- 
tute for  Kleinenberg's,  in  cases  in  which  an  alcoJwlic  hajmatein 
stain  seems  indicated,  as  being  easy  to  prepare,  and  constant 
in  its  effects. 

262.  Maykk's  Haemastrontium  {Grundzuge,  Lee  and  Mayek, 
1910,  p.  166).— 1  grm.  hasinatein,  ]  grm.  aluminium  chloride, 
50  grm.  strontium  chloride,  600  c.c.  alcohol  of  70  per  cent., 
and  (if  desired)  0-25  g.  citric  acid.  Prepare  and  use  as 
hjBmacalcium. 

263.  De  Groot's  Alcoholic  Hsemalum  {Zeit.  wiss.  Mile,  xxix,  1912, 
p.  182).— Mix  20  c.c.  of  glycerin  with  240  of  alcohol  of  70  per  cent! 
Take  4  c.c.  of  the  mixture,  2  c.c.  of  hydrogen  peroxide,  and  OS  grm  of 
ha;matoxylm,  and  dissolve  with  heat.  Add  GO  c.c.  of  the  mixture,  4  grms 
of  calcium  chloride,  and  2  grms.  of  sodium  bromide.  Dissolve,  add  3  grms 
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.,r1,1  0-'>  Qi-m  o£  fern-cyanide  of  potassium;  dihbolve  and  aaa  fei 
1' e  ofall  and  the  Lt  of  the  nvixture.    Said  to  sta.n  ahnost  as  well 
i  laa^malum.    Wash  out  with  alcohol  of  70  per  cent. 

284  Other  Alumina-Hsematein  Solutions.-A  large  nun.ber  of 
suppressed  receipts  will  be  found  given  in  the  earUer  ccHUons. 

265  R  Heidenhain's  Chrome  Haematoxylin  (A,-ch.  '>nik  Anat, 
1884  p  468,  and  xxvii,  1886,  p.  383).-Stain  or  twelve  o  twenty- 
XXIV,  iS»4,  p.  *    ,  solution  of  haiiuatoxylin  m  distilled  water. 

boai£  loi  chromate  with  water. 

t  tlrt^flierfixed  in  corrosive  sublimate  ought  to  be  very 
Sv  wthed  ou^  iodine,  or  the  like,  as  neutral  hematoxylin 

rr:c?;LiP-.tatewit^^ 

.    ,1    J.-       „  /ooo  TnuTjiER  III  Arch.  mile.  Avat.,  looo,  p.  ioij. 
Biohromate  will  do  totead  ol  the  neutrf  ol.romrte. 

Eit'S  oX  .  a..op.  01 .  =t,o„g  ,5  pe.  ce.t,  .olut.on  ol 
bichromate. 

p.  5)^-The  '-r-  °  * /"it,.r- ^^^^^  " 

0V;°:J'tl  — 1°«  i»  Sfoh'ol  01  ,0  'pe.  cent.  the. 
washed  out  in  alcohol  of  80  per  cent. 

268.  HA.B..'s  Chrome  faei.^^^^  f  ^^'^^  "^^^ 
Ten  grms.of  chrome  alum  ,aded ;  to  the  mixture 

1  arm.  haematoxyhn  (dissolved  m  15  ^-^.^^^^J.^  j^  ^  ^^^^  (drop  by  drop) 
J  eold  add  5  -  o»l-tt1  'ol  'p^rin  .o'c.c 'o/wate. 
^.ittre  »"e    Kh  out  with  wa.e..  Ireo  l-om  an. 
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269.  Vanadium  Hcematoxylin  (Heidenhain,  Encijclop.  mile. 
Technih.,  1903,  p.  518). — Add  60  c.c.  of  a  6  per  ceut.  solution  of  hajma- 
toxylin  to  a  0'25  pei'  cent,  solution  of  vanadate  of  ammonium  (quantity 
not  stated;  should  be  30  c.c,  see  Cohn  in  Anat.  Hefte,  xv,  1895,  p.  302). 
The  mixture  to  be  used  after  three  or  four  days  ;  it  mil  not  keep  over 
eight  days.  To  be  used  with  sections  of  sublimate  material.  A  strong 
plasma  stain  for  special  purposes,  especially  mucus  glands. 

270.  Benda's  Copper  HaBmatoxylin  {Arch.  mile.  Anat.,  xxx,  1887, 
p.  49). — See  fourth  edition.  According  to  my  experience,  not  to  be 
compared  with  iron  hiematoxylin,  and  superfluous. 

271.  Mallort's  Phospho-molybdic  Acid  Hsematoxylin  {Anat. 
Am.,  1891,  p.  375). — One  part  10  per  cent,  pliosplio-molybdic 
acid  solution,  1  part  heematoxylin,  100  parts  water,  and  6  to 
10  parts  chloral  hydrate.  Let  the  solution  ripen  for  a  week 
in  sunlight,  and  filter.  Chiefly  for  central  nervous  system. 
Sections  should  be  stained  for  from  ten  minutes  to  one  hour, 
and  washed  out  in  two  or  three  changes  of  40  to  50  per  cent, 
alcohol.  It  is  necessary  that  the  solution  should  be  saturated 
with  hasmatoxylin  in  order  to  obtain  the  best  results ;  if  a 
good  stain  be  not  obtained  at  once,  more  htematoxylin  must 
be  added.    Water  must  never  be  used  for  dilutinar  it. 

See  also  Ribbert  (Centralb.  ally.  Path.,  vii,  1896,  p.  427  ;  Zeit.  iviss. 
Mile,  XV,  1898,  p.  93),  Patellani  (Mon.  Zool.  Ital.,  xiii,  1902,  p.  6),  and 
GoLoviN  {Zeit.  iviss.  Mile.,  xix,  1902,  p.  184). 

Sargent  {Anat.  Avz.,  xv,  1898,  p.  214)  quotes  this  stain,  preceded  by 
mordanting  for  ^twenty-four  hours  in  5  per  cent,  sulphate  of  copper,  as 
Kbnyon's. 

KoDis  {Arch.  mile.  Anat.,  lix,  1901,  p.  211)  takes  ha3matoxylin,  1  part; 
molybdic  anhydride,  1-5  ;  water,  100  ;  H„02,  0  5,  or  a  crystal  of  HgO. 

Police  {Arch.  Zool.  Napoli,  iv,  1909,  p.  300)  takes  0  35  grm.  ha)ma- 
toxylin,  10  drops  phospho-molybdic  acid  of  10  per  cent.,  10  grms.  chloral 
hydrate,  and  100  grms.  alcohol  of  70  per  ceut. 

272.  Mallory's  Phospho-tungstic  Haematoxylin  {Joimi.  Exp. 
Med.,  V,  1900,  p.  19  ;  Zeit.  W1SS.  Mik.,  xviii,  1901,  p.  178)  : 

Hasmatoxylin        .....       0*1 ' 

Water  80-0 

10  per  cent,  solution  of  (Merck^s)  phospho- 
tungstic  acid  .....  20'0 
Peroxide  of  hydi-ogen  (U.S.  Ph.)     ,        ,  0*2 

(Dissolve  the  litematoxylin,  add  the  acid,  then  the  peroxide.) 

Stain  sections  two  to  twenty-four  hours,  wash  out  with  water. 
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A  fohjchvomic  stain,  nuclei  blue,  intercellular  substances  pink. 
I  consider  this  a  line  stain. 

273.  DoNAGGio's  Tin  Heematoxylin  [Ann.  mvrol.  ^^rf  ^^' 
iq04  \)  192) -A  1  per  cent,  solution  of  hiEnrntoxylin  is  poured  slowly 
Into 'an  equal  volun^e  of  20  per  cent,  solution  of  pink-salt  (aanmonio- 
cMoride  of  tin).    Keep  in  the  dark. 

274.  Osmium  Heematoxylin.-ScHX^XTZE  {Zeit.  wus.  M/r  xxvii^ 
1910  p  4C5)  treats  tissues  for  twenty-four  liours  or  more  with  osmic 
icid  of"  1  per  cent.,  washes  well  with  water,  and  puts  for  a  couple  o 

vs  into  liened  o's  per  cent,  solution  of  ha>matoxylm  m  alcohol  of  35 
;S  Sr  Wash  out  for  a  day  or  more  with  alcohol  of  70  per  cent. 

Intense  plasma  stain. 


CHAPTER  XIV. 


NUCLEAR  STAINS  WITH  COAL-TALI  DYES. 

275.  Introduction. — Very  few  coal-tar  dyes  give  a  precise 
nuclear  or  cliromafcin  stain  by  tlie  progressive  metliod  209). 
Two  o£  them — metliyl  green  and  Bismarck  brown — are  pre- 
eminently progressive  cliromatiu  stains.  Many  of  tlie  others 
— for  instance^  safranin^  gentian^  and  especially  dahlia — may 
be  made  to  give  a  progressive  nuclear  stain  with  fresh  tissues 
by  combining  them  with  acetic  acid ;  but  in  general  are  not 
so  suitable  for  this  kind  of  work  as  the  two  colours  first- 
named. 

Again,  very  few  coal-tar  dyes  give  a  pure  plasmatic  stain 
(one  leaving  nuclei  unaffected).  The  majority  give  a  diffuse 
stain,  which  in  some  few  cases  becomes  by  the  application 
of  the  regressive  method  (§  209)  a  most  precise  and  splendid 
chromatin  stain. 

But  plasma  staining  is  generally  done  by  the  progressive 
method.  ^ 

The  basic  anilin  dyes  were  at  one  time  greatly  in  vogue 
for  the  staining  of  chromatin  in  researches  on  the  structure 
of  nuclei.  They  have  been  little  used  for  that  purpose  since 
the  working  out  of  the  iron  hajmatoxylin  process,  which 
gives  a  more  energetic  stain.  But  they  may  still  be  useful 
as  a  means  of  controlling  the  iron  hematoxylin  process,  which 
frequently  stains  all  sorts  of  things  besides  chromatin,  which 
does  not  occur  with  the  best  tar  colour  stains. 

The  acid  and  neutral  anilin  dyes  afford  some  of  our  best 
plasma  stains. 

I  recommend— for  staining  nuclei  of  fresh  tissues,  methyl 
green  ;  for  staining  nuclei  of  fixed  tissues  by  the  regressive 
method,  safranin  for  a  red  stain  j  and  gentian  violet  or 
Thionin  for  a  blue  one;  as  a  plasma  stain  for  sections, 
Saurefuchsin ;  for  entire  objects  picric  acid. 


170 


rilAl'TElt  XIV. 


A.  Progressive  Stains. 

276  Methyl  Green.— Tliis  is  the  most  common  in  commerce 
of  the  "  aiiilin  "  greens.     It  appears  to  go  by  the  synonyms 
of  Mcthylanilin  green,  Griinpulver,  Vert  Lumihre,  Lichtyrun  ; 
these  two  last  are  in  reality  the  name  of  another  colour. 
When  first  studied  by  Calberia,  in  1874  {Morphol.  Jahrh.^m, 
1887,  p.  025),  it  went  by  the  name  of  Vtrl  en  cristaux.  It 
is  coinmonly  met  with  in  commerce  under  the  name  of  more 
costly  greens,  especially  under  that  of  iodine  green.    It  is 
important  not  to  confuse  it  with  the  latter,  nor  with  aldehyde 
green  {VerL  cVEusche),  nor  with  the  phenylated  vosanilins, 
Paris  green,  and  Vert  d'Alcali,  or  Veridine. 

Methyl  green  is  the  chloromethylate  of  zinc  and  penta- 
methyl-rosanilin-violet.    It  is  obtained  by  the   action  of 
methyl   chloride   on   methyl  violet.    The   commercial  dye 
always  contains  unconverted  methyl  violet  as  a  consequence 
of  defective  purification.     It  is  sometimes  adultemted  with 
anilin  blue  (soluble  blue).    It  is  also  sometimes  adulterated 
with  a  green  bye-product  of  the  man ufacture-the  chloride 
of  nona-methyl-para-leukanilin  (see  Benedikt  and  Knecht  s 
Chemistry  of  the  GouUar  Colours).    For  tests  for  purity  see  . 
Maykr,  3mh.  Zool.  Stat.  Neapel,  xii,  1896,  p.  312,  and 
Fischer,  Fixlrung,  Fdrhimq,  u.  Bau  des  ProUqAasnias,  p  sy. 

Methyl  green  is  extremely  sensitive  to  alkalies,  it  is 
therefore  important  to  use  it  only  in  acidified  solutions  and 
to  use  only  acid,  or  at  least  perfectly  neutral  fluids  lor 
washing  and  mounting.  -,    .    ,  ; 

This  is  an  extremehi  important  histological  reagent.^  its 
chief  use  is  as  a  chromatin  stain  fov  fresh,  unfixed  tissues. 
For  this  purpose  it  should  be  used  in  the  form  o    a  s  rong 
aqueous  solution  containing  a  little  acetic  acid  (about_  1  pei 
cent    in  general).     The  solutions  must  ahcays  be  aod.  it 
the  tissue!  have  been  previously  fixed  with  -^t-  you 
will  not  get  a  chromatin  stain.    The  same  appbes  to  fixation 
with  acefic  acid  sublimate  :  whilst  pure  sublimate  will  allow 
of   a  chromatin  stain  (Bokckhakdt,  La  Cellule,  xii,  189/ 
p  364).    You  may  wash  out  with  water  (best  acidulated) 
a;d  mount  in  some  acid  aqueous  medium  contanung  a  litt  e 
"  the  methyl  green  in  solution.     The  mounting  medium,  if 
aqueous,  must  he  acidulated. 
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Employed  in  this  way^  with  frp-tsh  unfixed  tissues,  metliyl 
green  is  a  pure  chromatin  stain,  in  the  sense  of  being  a  pre- 
cise colour  reagent  for  chromatin.  For  in  the  nucleus  it 
stains  nothing  but  chromosomes  or  chromatin  elements ;  it 
does  not  stain  plasmatic  nucleoli  (unless  indeed  these  contain 
chromatin), nor  caryoplasm,  nor  achromatic  filaments.  Outside 
the  nucleus  it  stains  some  kinds  of  cytoplasm  and  some  kinds 
of  formed  material,  especially  glandular  secretions  (silk  for 
instance,  and  mucin).  The  chromatin  elements  are  invariably 
stained  of  a  bright  green  (with  the  exception  of  the  nuclein 
of  the  head  of  some  spermatozoa),  whilst  extra-nuclear  struc- 
tures are  in  general  stained  in  tones  of  blue  or  violet.  But 
this  metachromatic  reaction  is  probably  due  to  the  methyl- 
violet  impurity,  and  is  not  obtained  with  a  chemically  pure 
methyl  green. 

Staining  is  instantaneous  ;  overstaining  never  occurs.  The 
solution  is  very  penetrating,  kills  cells  instantly  without  swel- 
ling or  other  change  of  foi-m,  and  preserves  their  forms  for  at 
least  some  hours,  so  that  it  may  be  considered  as  a  delicate 
fixative.  It  may  be  comhined  U'ithout  p?Ta^5?iait7ig'  with 
divers  fixing  or  preserving  agents.  Osmic  acid  (of  0"]  to  1 
per  cent.)  may  be  added  to  it,  or  it  may  be  combined  with 
solution  of  RiPART  and  Petit  (this  is  an  excellent  medium  for 
washing  out  in  and  mounting  in). 

Alcoholic  solutions  may  also  be  used  for  staining.  They 
also  should      acididated  ivith  acetic  acid. 

The  stain  does  not  keep  easily.  It  is  difficult  to  mount  it 
satisfactorily  in  balsam,  because  the  colour  does  not  resist 
alcohol  sufficiently  (unless  this  be  charged  with  the  colour). 
The  resistance  of  the  colour  to  alcohol  is,  however  (at  all 
events  if  it  be  used  in  the  Ehhlich-Biokdi  combination),  con- 
siderably increased  by  treating  the  sections  for  a  few  minutes 
with  tincture  of  iodine  before  staining  (M.  Heidenhain). 

Of  preparations  mounted  with  excess  of  colour  in  the  usual 
aqueous  media,  I  find  the  most  fortunate  only  survive  for  a 
few  months.  Dr.  Henneguy,  however,  writes  to  me  that  it 
keeps  well  in  Brunts  glucose  medium. 

It  was  first  pointed  ont,I  believe,  by  Heschl  {Wiener  ined.  Wochevschr., 
2,  1879),  that  methyl  green  is  a  reagent  for  amyloid  degeneration.  His 
observations  were  confirmed  by  Ctjkschmann  (Vioxhow's  Arch.,  voL 
Ixxix,  1880,  p.  556),  who  showed  that  it  colours  amyloid  substance  of  au 
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intense  violet ;  but  this,  as  pointed  out  by  Squibe  (Mdhoih  aad  Fonnuhe 
etc.,  ChurckiU,  1892,  p.  37),  is  undoubtedly  duo  to  its  containing  methyl 
violet  as  an  impurity. 

277.  Bismarck  Brown  (Manchester  Brown,  Phenylen  Brown, 
Vesuvin,  La  Phenicienne).— A  fairly  pure  nuclear  stain  that 
will  work  either  with  fresh  tissue.s  or  with  such  as  have  been 
hardened  in  chromic  acld^  or  otherwise. 

The  colour  is  not  very  easily  soluble  in  water.  You  may 
boil  it  in  water,  and  filter  after  a  day  or  two  (Weigert,  m 
Arch.  mile.  Anat.,  xv,  1878,  p.  258).  You  may  add  a  little 
acetic  or  osmic  acid  to  the  solution.  Maysel  (t6«Z.,  xvni, 
1830,  pp.  237,  250)  dissolves  the  colour  in  acetic  acid  (this 
solution  does  not  give  a  permanent  stain).  Alcoholic  solu- 
tions may  also  be  used,  e.g.  saturated  aqueous  solution 
diluted  with  one  third  volume  of  90  per  cent,  alcoholic  ;  or 
Oalberla's  glycerin-and-alcohol  mixture,  or  dilute  glycerin 
(say  of  40  per  cent,  to  50  per  cent.)  may  very  advan- 
tageously be  employed. 

The  watery  solutions  must  be  frequently  filtered  (but  then 
nmch  of  the  colour  is  retained  on  the  filter).  The  addition 
to  them  of  carbolic  acid  has  been  recommended  (vide  Journ. 
Roy  Mic.  Soc,  18?S6,  p.  908).  Bismarck  brown  stains  rapidly, 
but  never  overstains.    The  stain  is  permanent  both  m  balsam 

and  in  glycerin.  •     p     ^  i 

This  colour  may  be  used  as  a  chromatin  stain  tor  iresli 
tissues  in  the  same  way  as  methyl  green.    Herla  {Arch.  BwL 
xiii  1893  p  423)  employs  for  ova  of  Ascaris  a  mixture  ot 
0-25  parts  vesuvin,  0-25  malachite  green,  10  of  glycerin  and 
100  of  water,  and  washes  out  with  weak  glycerin. 

The  chief  use  of  this  colour  is  for  progressive  staining  ; 
but  it  may  be  employed  for  staining  by  the  regressive  method 
(see  §  289),  and  also  for  intra-vitam  staming  (§  208  (tor 
this  purpose  it  is  necessary  to  see  that  the  colour  employed 
be  pure  and  neutral). 

278.  Methyl  Violet  (Methylanilin  Violet,  ^^"^^/^^l^^  ^.^^J 
Violet) -Gkaseb  [Deutsche  Zeit.  Chirurgie,  xxvn,  1888,  pp.  5d»  , 
SSs.  m7.,v,3,  1888,  p.  378)  stains  sections  ^^'o^^^f^^^^^Tt 
four  hours  in  a  solution  so  dilute  that  at  the  f  *  ^ 
sections  will  have  taken  up  all  the  colour  from  the  liciuid     lliey  iue 

hen  washed  out  for  a  short  time  in  acidulated  alcohol  ai^d  then^iU-^ 
alcohol.  The  method  is  applicable  to  oboects  fixed  m  Flemmmg  s 
mixture. 
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279.  Other  Progressive  Stains. — Most  of  the  basic  tar  colours  used 
for  regressive  staining  will  also  give  by  tliS  progressive  method  a  nuclear 
stain  of  greater  or  less  piirity  if  used  in  solutions  acidified  with  acetic 
acid.  Amongst  these  may  be  mentioned  thionin,  which  need  not  even 
be  acidified ;  also,  for  fresh  tissues  especially,  gentian  violet,  dahlia,  and 
toluidin  hlue. 

B.  Regressive  Stains. 

280.  The  Practice  of  Eegressive  Staining  :  The  Staining  Bath. — 

Sections  only,  or  material  that  is  thin  enongli  to  behave  like 
sections,  such  as  some  membranes,  can  be  stained  by  this 
method. 

The  solutions  employed  are  made  with  alcohol,  water,  or 
anilin,  or  sometimes  other  menstrua,  according  to  the  solubility 
of  the  colour.  There  seems  to  be  no  special  object  in  making 
them  with  alcohol  if  water  will  suffice,  the  great  object  being 
to  get  as  strong  a  solution  as  possible..  Indeed,  the  solutions 
made  with  strong  alcohol  are  found  not  to  give  quite  such 
good  results  as  those  made  with  water  or  weak  alcohol. 
Alcohol  of  50  per  cent,  strength,  however,  may  be  said  to 
constitute  a  very  generally  desirable  medium.  The  sections 
must  be  very  thorouglily  stained  in  the  solution.  As  a  general 
rule  they  cannot  be  left  too  long  in  the  staining  fluid.  With 
the  powerful  solutions  obtained  with  anilin  a  few  minutes  or 
half  an  hour  will  usually  suffice,  but  to  be  on  the  safe  side 
it  is  frequently  well  to  leave  the  sections  twelve  to  twenty- 
four  hours  in  the  fluid.  Up  to  a  certain  point  the  more  the 
tissues  are  stained  the  better  do  they  resist  the  washing-out 
process,  which  is  an  advantage.  Some  workers,  indeed, 
prefer  weak  solutions  ;  so  Heiuenhain,  Encycl.  mik. 
Technik,  i,  pp.  433,  434 ;  but  the  nature  of  the  fixing  agent 
should  be  taken  into  account. 

Material  fixed  in  chromic  or  chromo-osmic  mixtures  ffives 
a  sharper  and  more  selective  stain  than  Eiaterial  fixed  in 
sublimate  or  the  like.  In  fact,  to  ensure  the  best  results,  only 
material  fixed  in  chromic  mixtures  (or  Hermann's  fluid)  should 
lie  employed. 

During  the  staining  the  tissues  become  overstaived,  that 
is,  charged  with  colour  in  an  excessive  and  diffuse  manner. 
The  stain  must  now  be  differentiated  by  removal  of  the  excess 
of  colour. 


174  OIlAPTEli  XIV. 

231.  Differentiation.— Tliis  is  gonei-ally  done  with  alcohol, 
sometimes  neutral,  sometimes  acidalated  (with  HCl).  The 
stained  sections,  if  loose  (celloidin  sections),  are  brought  into 
a  watch-glassful  of  alcohol  ;  if  mounted  in  series  on  a  slide 
they  are  brought  into  a  tube  of  alcohol  (differentiation  can 
be  done  by  simply  pouring  alcohol  on  to  the  shde,  but  it 
is  better  to  use  a  tube  or  other  bath).  It  is  in  either  case 
well  to  just  rinse  the  sections  in  water,  or  even  to  wash  them 
well  in  it,  before  bringing  them  into  alcohol. 

The  sections  in  the  watch-glass  are  seen  to  give  up  then- 
colour  to  the  alcohol  in  clouds,  which  are  at  first  very  rapidly 
formed,  afterwards  more  slowly.     The  sections  on  the  slide 
are  seen,  if  the  slide  be  gently  lifted  above  the  surface  of  the 
alcohol,  to  be  giving  off  their  colour  in  the  shape  of  rivers 
running  down  the  glass.     In  a  short  time  the  formation  of 
the  clouds  or  of  the  rivers  is  seen  to  be  on  the  point  oj 
ceasing  ;  the  sections  have  become  pale  and  somewhat  trans- 
parent,  and  (in  the  case  of  chrom-osmium  ob3ects)  have 
changed  coloicr,  owing  to  the  coming  into  view  of  the  general 
ground  colour  of  the  tissues.     (Thus  chrom-osmmm-safranin 
sections  turn  from  an  opaque  red  to  a  delicate  purple.)  At 
this  point  the  differentiation  is  complete,  or  nearly  so 

It  is  generally  directed  that  absolute  alcohol  be  taken  tor 
differentiation.  This  may  be  well  in  some  cases  but  in 
general  95  per  cent,  is  found  to  answer  per  ectly  well. 
Heidenhain  {Encycl,  i,  p.  434)  takes  methyl  alcohol. 

The  hydrochloric-acid-alcohol  extracts  the  colour  much 
more  guicUy  from  resting  nuclei  than  from  Unetic  nuclei 
Therefore,  washing  out  should  be  done  with  neutral  alcoho 
whenever  it  is  desired  to  have  resting  nuclei  stained  as  well 
as   dividing  nuclei ;  the   acid  process,  serving  chiefly  to 
differentiate  haryolinetic  figures. 

The  proportion  of  HCl  with  which  the  alcohol  should  be 
acidified  for  the  acid  process  should  be  about  1  :  1000,  or 

Ipss  •  seldom  more.  .    .       ,  ,i 

The  length  of  time  necessary  for  differentiating  to  the 
precise  degree  required  varies  considerably  with  he  mt^e 
of  the  tissues  and  the  details  of  the  P^^^^ss  employed  all 
that  can  be  said  is  that  it  generally  lies  be  ween  thirty 
sec  nds  and  two  minutes.  The  acid  process  is  vastly  m.ore  rc^d 
han  the  neutral  process,  and  therefore  of  course  more  risky. 
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There  exists  also  a  method  of  diiferentiation  known  as  siihaiitution — 
one  stain  being  made  to  wash  out  another.  Thus  methylen  lilue  and 
gentian  violet  are  discharged  from  tissues  by  aqueous  solution  of  vesuvin 
or  of  eosiu ;  f uehsin  is  discharged  from  tissues  by  aqueous  solution  of 
methylen  blue.  The  second  stain  "  suljstitutes  "  itself  for  the  first  in 
the  general  "  ground  "  of  the  tissues,  leaving,  if  the  operation  has  been 
successfully  carried  out,  the  nuclei  stained  with  the  first  stain,  the 
second  forming  a  "contrast "  stain.  In  the  j)aper  of  Resegotti  in  Zeil. 
wiss.  Mik.,  V,  1888,  p.  320,  it  is  stated  as  a  very  general  rule  that  colours 
that  do  not  give  a  nuclear  stain  by  the  regressive  method  will  wash  out 
those  that  do.  But  Resegotti  used  the  second  colour  in  alcoholic 
solution ;  so  that  it  remains  uncertain  how  far  the  differentiation  should 
be  attributed  to  the  second  colour  itself,  and  how  far  to  the  alcohol 
used  as  a  vehicle.  The  same  remark  applies  to  Benda's  Safranin-and- 
Lichtgrlin  process. 

282.  Clearing. — After  due  differentiation,  the  extraction  of 
the  colour  may  be  stopped  by  putting  the  sections  into 
water ;  but  the  general  practice  is  to  clear  and  mount  them 
at  once. 

You  may  clear  with  clove  oil  or  anilin,  ivhich  will  extract 
some  more  coloior  from  the  tissues.  Or  you  may  clear  with 
an  agent  that  does  not  attack  the  stain  (cedar  oil,  bergamofc 
oil,  xylol,  toluol,  etc.  ;  see  the  chapter  on  Clearing  Agents). 
If  you  have  used  neutral  alcohol  for  washing  out,  you  had 
perhaps  better  clear  with  clove  oil,  as  neutral  alcohol  does 
not  always,  if  the  staining  have  been  very  prolonged,  extract 
the  colour  perfectly  from  extra-nuclear  parts.  But  if  you 
have  not  stained  very  long,  and  if  you  liave  used  acidulated 
alcohol  for  washing  out,  clove  oil  is  not  necessary,  and  it 
may  be  better  not  to  use  it,  as  it  somewhat  impairs  the 
brilliancy  of  the  stain.  A  special  property  of  clove  oil  is 
that  it  helps  to  differentiate  karyokinetic  figures,  as  it 
decolours  resting  miclei  more  rapidly  than  those  in  division. 

Some  colours  are  much  more  sensitive  to  the  action  of  clove 
oil  than  others ;  and  much  depends  on  the  quality  of  this 
much-adulterated  essence.  New  clove  oil  extracts  the  colour 
more  quickly  than  old ;  and  aniline  than  clove  oil. 

Series  of  sections  on  slides  are  conveniently  cleared  by 
pouring  the  clearing  agent  over  them. 

After  clearing  you  may  either  mount  at  once  in  damar  or 
balsam  ;  or,  stop  the  extraction  of  the  colour,  if  clove  oil 
have  been  used,  by  putting  the  sections  into  some  medium 
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that  does  not  efEect  the  stain  (xyhjl,  cedar  oil,  etc.).  Chloro- 
form should  be  avoided,  either  as  a  clearer  or  as  the  men- 
struum for  the  mounting  medium. 

283.  General  Results. — The  results  depend  in  great  measure 
on  the  previous  treatment  of  the  tissues.     If  you  have  given 
them  a  prolonged  fixation  in  Memming's  strong  chromo-aceto- 
osmic  mixture,  and  have  differentiated  after  staining  with 
acid  alcohol  and  cleared  with  clove  oil,  you  will  get,  with 
some  special  exceptions,  nothing  stained  but  nucleoli  and  the 
chromatin  of  dividing  nuclei,  that  of  resting  nuclei  remaining 
unstained.     If   you   have  given   a  lighter  fixation,  with 
Flemming's  weak  mixture  or  some  other  fixing  agent  not 
specially  inimical  to  staining,  and  have  differentiated  after 
staining  with  neutral  alcohol,  you  will  get  the  chromatin  of 
resting  nuclei  stained  as  well.    Either  process  may  also  stain 
mucin,  the  ground-substance  of  connective  tissues  (especially 
cartilage),  the  bodies  of  Nissl  in  nerve-cells,  and  the  yolk  of 
ova. 

284  Hennbgtjy's  Permanganate  Method  {Journ.  de  VAnat.  et  de  la 
Physiol  xxvii,  1891,  p.  397). -Sections  are  treated  for  five  minutes  with 
1  per  cent  soUition  of  permanganate  of  potassium.  They  are  then 
washed  with  water  and  stained  (for  about  half  the  time  that  would  have 
been  taken  if  they  had  not  been  mordanted  with  the  permanganate)  m 
safranin,  rubin,  gentian  violet,  vesuvin,  or  the  like,  and  are  differentiated 
with  alcohol,  followed  by  clove  oil  in  the  usual  way. 

The  mordanting  action  of  the  permanganate  is  so  energetic  that  it  it 
has  been  overmuch  prolonged  before  staining  with  saframn  or,  still 
more  with  rubin,  it  becomes  almost  impossible  to  differentiate  the 
sections  properly;  it  may  be  necessary  to  leave  them  for  a  month  or 
more  in  clove  oil. 

285  Ohlmachbe's  Formaldehyde  Process  {Medical  News,  Feb- 
vnnvv  16th  1895).-Ohlmacher  states  that  formaldehyde  is  a  powertul 
mordant  for  tar  colours.  Tissues  may  either  be  mordanted  separately 
Ty  treatment  for  a  short  time  (one  minute  is  enough  co.ev-^.ss 
Separations)  with  a  2  per  cent,  to  4  per  cent,  formalm  ^^l^^io^ ;  o  the 
formalin  may  be  combined  with  the  stam.  One  gramme  of  fuchsm  oi 
m Xlen  blue  dissolved  in  10  c.c.  of  absolute^  alcohol  may  be  added  o 
Too  c  c  of  4  per  cent,  formalin  solution.  Sections  are  said  to  stam  n 
balf^minute  and  to  resist  alcohol  much  more  than  is  the  case  with 
those  treated  by  the  usual  solutions. 

286  Safranin.— One  of  the  most  important  of  these  stains, 
on  account  of  its  power,  brilliancy,  and  permanence  ni  balsam, 
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and  the  divers  degrees  of  electivity  tluit  it  displays  i'or  the 
nuclei  and  other  constituent  elements  of  different  tissues. 

The  great  secret  of  staining  with  safranin  is  to  get  a  good 
aafranin.  In  ordering  it,  from  Griibler  &  Hollborn  or  else- 
where,  it  is  well  to  specify  whether  you  want  it  for  staining 
nuclei  or  for  staining  elastic  fibres,  or  for  what  other  purpose 
you  may  require  it.  There  are  presumably  at  least  a  score 
of  sorts  of  safranin  in  the  market,  diifering  to  a  considerable 
extent  in  colour,  weight,  solubility,  and  histological  action. 
Some  are  easily  soluble  in  water  and  not  so  in  alcohol,  some 
the  reverse,  and  some  freely  soluble  in  both.  The  brand  I 
have  been  using  for  a  long  time,  which  gives  good  results,  is 
the  "  Safranin  0  "  of  Griibler  &  Co. 

Staining. — The  majority  of  safranins  are  not  sufficiently 
soluble  in  water,  so  that  solutions  in  other  menstrua  must  be 
employed. 

PwTZNER  {Morph.  Jahrb.,  vi,  p.  478,  and  vii,  p.  291)  advised 
a  solution  of  safranin  1  part,  absolute  alcohol  100  parts,  and 
water  200  parts,  the  last  to  be  added  only  after  a  few  days. 

Plemmikg  {Arch.  mik.  Anat.,  xix,  1881,  p.  317)  used  a 
concentrated  solution  in  absolute  alcohol,  diluted  with  about 
one  half  of  water. 

Babes  {^ihid.,  1883,  p.  356)  used  (a)  a  mixture  of  equal 
parts  of  concentrated  alcoholic  solution  and  concentrated 
aqueous  solution  (this  is  very  much  to  be  recommended),  or 
(b)  a  concenttated  or  supersaturated  aqueous  solution  made 
with  the  aid  of  heat. 

Some  people  still  employ  simple  aqueous  solutions. 
The  anilin  solution  of  Babes  [Zeit.  wiss.  Mik.,  iv,  1887,  p. 
470)  consists  of  water  100  parts,  anilin  oil  2  parts,  and  an 
excess  of  safranin.  The  mixture  should  be  warmed  to  from 
60°  to  80°  C,  and  filtered  through  a  wet  filter.  This  solution 
will  keep  for  a  month  or  two. 

ZwAAKDEMAEEii  {ibid.,  iv,  1887,  p.  212)  makcs  a  mixture  of 
about  equal  parts  of  alcoholic  safranin  solution  and  anilin 
water  (saturated  solution  of  anilin  oil  in  water;— to  make  it, 
shake  up  anilin  oil  with  water,  and  filter).  This,  I  find,  will 
keep  for  many  months,  perhaps  indefinitely. 

I  myself  use  equal  parts  of  saturated  solution  in  anilin 
water,  and  saturated  solution  in  absolute  alcohol. 

Differ entiation.~Fov  general  directions  see  §§  281  and  282, 
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Flemming's  acid  dil^ercntiiition  [Zeit.  wi.s.  MIL,  i,  1884, 
350)  -Differentiate,  until  hardly  any  more  colour  comes 
iway/in  alcohol  acidulated  with  about  0-5  per  ce.vt  o 
hydrochloric  acid,  followed  by  pure  alcohol  and  clove  oil 
(You  may  uso  the  HGl  in  watery  solution  it  you  preter  it. 
Or  you  niay  use  a  lower  strength,  viz.  O'l  per  cent  at  mos 
t^Aroh.  Inh.  Anat,  xxKVii,  1891,  p.  249) ;  and  this  I  hnd 
is  e-enerally  preferable. 

OWts'al-e  supposed  to  have  been  well  fixed-t.elve 
hours  at  least-iu  the  strong  chroino-aceto-osmic  mixture, 
and  stained  for  some  hours.  In  this  way  you  get  kinetic 
chromatin  and  nucleoli  alone  stained. 

PoDWYSSOZKi  {Beitr.  z.  Path.  Anat.,  i,  1886,  p.  289) 
differentiates  (for  from  a  few  seconds  to  two  minutes)  in  a 
strongly  alcoholic  solution  of  picric  acid,  followed  by  puie 
rohol     Same  results  (except  that  the  stain  will  be  brownish 

instead  of  pure  red).  „ +^  fiiP 

.  Babeb  recommends  treatment  with  lodme,  according  to  t^ie 
method  of  Gram  (see  next  section).  This  process  has  also 
been  recommended  by  Phkna..^  [Int.  Monatsschr.  Anat.,  etc., 
iv,  1887,  p.  368). 

Tt  1ms  been  sliown  by  Ohlmacheb  {Journ.  Avier.  Med.  Jssoc  voLxx, 

or  picric  acid  after  staining  witli  saf ranm,  thei  e  may  oep  . 
SsLie  elements  a  precipitate  of  a  dark  red  -^"t  ^altl  If  o  t 

r^^'  '^-^l  T^kZ^^^l^^  tissue, 
Sil^r^lJrir;  and  Ohlmac.er^nclu^~^ 

of  t  Jhodies  that  have  been  described  as  " -f-^^'  .^f^^Xs'pi'- 
other  "parasites  "  of  carcinoma  are  nothing  but  particles  of  tins  pie 

"tfalso  the  differentiation  process  of  Maktxnotti  and  Rksegottx 
(zS  i^  MiJc,  iv,  1887,  p.  328)  for  alcohol-fixed  material;  and  of 
Gabbini  {Zeit.  wiss.  Mih,  v,  2,  1888,  p.  170). 

In   preparations    made    with    chromo-aceto-osmic  acid 
J. 2  stains,  besides  nuclei,  elastic  fibi-es,  i^e  cell  bodie  of 
certain  horny  epithelia,  and  the  contents  of  certain  gland- 
.        ceinmucin,'  under  certain  imperfectly  ascertained  condi- 
tions) . 

The  stain  is  perfectly  permanent. 

287.  Gentian  Violet  may  be  used  in  aqueous  solution,  oi  as 
directed  for  safraniu. 
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In  some  cases  it  may  be  useful  to  employ  the  method 
devised  by  Guam  for  the  differentiation  of  bacteria  in  tissues 
{Furtschr.  d.  Medicin.,  V\,  1881.,  No.  6;  Britiiih  Mai.  Joimi., 
Sept.  6th,  1884,  p.  486;  Joimi.  Roy.  Mic.  Soc.  [N.S.],  iv, 
1884,  p.  817).  In  this  the  sections  are  treated,  after  stain- 
ing, with  a  solution  composed  of — 

Iocli"e  1  gramme. 

Iodide  of  potassium    ...        2  grammes, 

Water   300         „  ' 

for  two  or  three  minutes,  until  they  become  black.  They 
are  then  differentiated  with  neutral  alcohol,  until  they  turn 
grey,  and  are  then  finally  differentiated  with  clove  oil. 

By  this  process,  in  resting  nuclei  the  nucleoli  alone  are 
stanied,  or  the  chromatin  if  stained  is  pale;  in  dividing 
nuclei  the  chromatin  is  stained  with  great  intensity,  being 
nearly  black  in  the  equatorial  stage. 

Gentian  violet  is  an  exceedingly  powerful  stain,  quite  as 
precise  as  safranin. 

The  stain  keeps  well.  It  is  more  or  less  dichroic,  possibly 
owing  to  the  fact  that  the  dye  is  not  a  pure  substance,  but 
a  mixture  of  "  Krystallviolett "  and  methyl  violet. 

Hermann  (Arch.  mih.  Anat.,  xxxiv,  1889,  p.  58)  first  stains  for  t^vent7- 
iom-  hours  or  more  in  safranin,  differentiates  incompletely  with  alcohol, 
then  stains  for  thi'ee  to  five  minutes  in  the  anilin-water  gentian  solution 
tmxts  TOth  thg  lodme  solution  for  one  to  three  hours,  and  finally 
differentiates  with  absolute  alcohol. 

288.  Thionin.— The  hydrochloride  of  thionin,  or  violet  of 
Lauth,  is  a  colour  chemically  nearly  allied  to  metliylen  blue 
Its  action  is  so  selective  from  the  first  that  it  may  almost  be 
considered  to  be  a  progressive  stain.  If  you  stain  for  only 
a  short  time  (a  few  minutes)  in  a  concentrated  aqueous 
solution,  hardly  anything  but  the  chromatin  will  be  found 
to  be  stained.  If  the  staining  be  prolonged,  plasmatic 
elements  will  begin  to  take  up  the  colour.  After  a  short 
stain  no  special  differentiation  is  required;  all  that  is 
necessary  is  to  rinse  with  water,  dehydrate,  and  mount. 
After  a  strong  stain  you  differentiate  with  alcohol  in  the 
usual  way,  with  this  advantage,  that  the  stain  is  so  highly 
resistant  to  alcohol  that  there  is  no  risk  whatever  of  over- 
shootmg  the  mark;  the  stain  will  not  be  more  extracted  in 
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an  l.oar  than  that  of  gentian  or  dahlia  is  i..  a  nnnufce,  so 
that  the  process  may  be  controlled  under  the  microscope 
ii;  desired  For  this  reason  I  think  this  stain  may  he  usetul 
to  beginners,  but  I  myself  prefer  gentian.  It  is  a  very 
powerful  stain. 

Tliionin  is  a  specific  stain  for  mucin,  q.  v.  Some  ohservers  have  found 
i  S  to  fade    Wolff  {Zeit.  iviss.  Mih.,  xv,  1899,  p.  312)  says  that 
o  avSJ  hi  .  p  -epltions  Should  be  mounted  in  a  little  solid  colo- 
1.^1  or  ba/sai  melted  over  a  flame.   F.lizat  and  Bb.kca  (/.«n. 
Anat  Phys.,  xxxiv,  1898,  p.  590)  mount  without  a  cover.  Hfnnlguy 

(S.  p.  236)  stains  with  a  saturated  solution 

in  carbolic  acid  of  1  per  cent.,  and  finds  the  stam  Pe™nt. 

NiCOLLB's  "thionine  pheniquee"  consists  of  1  part  of  saturated 
solution 'n  alcohol  of  _  5o'  per  cent.,  and  5  parts  of  2  per  cent,  aqueous 
solution  of  carbolic  acid. 

289.  Other  Eegressive  Stains.-The    following    may  be 

"'^11^  according  to  Flemming  {Arch.  mile.  Anat.,  xix 
1881  p.  317),  best  used  in  aqueous  solution,  either  neutra 
II  acidified  with  acetic  acid,  and  .^f-ntiated  with  neu  ra 
alcohol     A  pure  blue  stain,  which  keeps  well.     See  also 
tnluo,  Jzeit.  .iss.  Zool,  Ixxiv,  1.03,  p.  7,  and  Ixxxvii, 

''vLoria'mue  (Victoriahlau)  if.d.  JaJn^.^ 

Ges   d.  Aerzte  zu   Wien,  1886,  pp.  285-291). -Ihis  dye 
^  Victoriablau  4  A")  has  a  special  affinity  f/^f  ^ 
kr  this  object  Lustgarten  recommends  -  ^^-/-^^ 
of  the  dye  diluted  with  two  to  four  parts  of  water.  Fixation 
•     chroiosmium,  or  at  least  in  a  chromic  --tui.  ^  J 
believe,  a  necessary  condition  to  this  reaction.    And  you  must 

tjtfiin  for  a  long  time.  „ 
Victoria  iJ  also  a  special  affinity  for  ~eUs,  from 

which  it  is  not  washed  out  by  alcohol,  and  for  cartilage. 
This  stain  keeps  very  well. 

With  Toluidin  Blue  I  have  had  some  superb  stains  of  chromatin, 


NUOLEAU   STAIN8   Wl'l'lf  OOAL-TAIt-  DYES. 


181 


The  Philadelphia  Medical  Journal,  May  14tli,  1898.  It  much  resembles 
methylen  blue. 

Metzner  (Nagel's  Handb.  Phys.,  ii,  1907,  p.  915)  mordants  sections, 
before  staining,  for  three  quarters  of  an  houi-  in  iron  alum. 

Magd  .ala  Red  (Naphthalin  Red,  Rose  de  Naphthaline). 

Fuehsin  (meaning  the  basic  fuchsins,  a  series  of  Rosanilin  salts 
having  very  similar  reactions,  and  found  in  commerce  under  the  names 
of  FucHSiN,  Anilin  Red,  Rubin,  Rosein,  Magenta,  Solpebino, 
Corallin). — Gkaser  (Deutsche  Znt.  Ghirurgie,  xxvii,  1888,  pp.  538 — 
584;  Zeit.  wiss.  Mik,  v,  1888,  p.  378)  stains  for  twelve  to  twenty-four 
hours  in  a  dihite  aqueous  solution,  washes  out  for  a  short  time  in  alcohol, 
stains  for  a  few  minutes  in  aqueous  solution  of  methylen  blue,  and 
dehydrates  with  alcohol.  A  double  stain.  Chromatin  and  nucleoli  red, 
all  the  rest  blue. 

ZiEHL^s  Carbolic  Fuehsin  {Zeit.  wiss.  3£ih,,  vii,  1890,  p.  39) 
consists  of  fuehsin  1  gvm.,  acid,  cai-bol.  crist.  5  gvms., 
alcohol  10  grms.,  aq.  dest.  100  grms.  The  stain  is 
differentiated  with  alcohol  followed  by  clove  oil. 

KresDfuehsin  (Rothig,  Arch,  mik  Anat.,  Ivi,  1900,  p.  354>. — Its 
aqueous  solution  is  red,  and  stains  mucus,  cartilage,  keratin,  and  nuclei 
red,  whilst  its  alcoholic  solution  is  blue  and  stains  elastin  blue.  See 
also  under  "  Connective  tissues." 

Bismarck  Brown  has  this  advantage,  that  being  svifiiciently  resistant 
to  alcohol  it  may  l^e  utilised  for  staining  entire  objects. 

Kaiser  {Biblioth.  Zool.,  H.  7,  1  Hiilft,  1891 ;  Zeit.  wiss.  Mik,  viii,  1891, 
p.  363)  stains  for  forty-eight  hours,  and  at  a  temperatm-e  of  60^  C.  in 
satm-ated  solution  of  Bismarck  brown  in  60  per  cent,  alcohol  (the  solution 
to  be  made  in  boiling  alcohol),  and  washes  out  (mitil  all  is  decoloiu-ed 
except  the  karyokinetic  figm-es)  in  60  per  cent,  alcohol,  containing  2  per 
cent,  hydrochloric  acid  or  3  per  cent,  acetic  acid. 

Methyl  Violet.    See  ante,  §  278 

Benzoazurin  (Martin,  Zeit.  iviss.  Mih.,  vi,  3, 1889,  p.  193).    Stain  for 
an  horn-  or  so  in  dilute  aqueous  solution,  and  wash  out  with  HCl  alcohol. 
Methylen  Blue. 

Nigrosin  (Errera,  P roc-Verb.  Soc.  Beige  de  Mik,  1881,  p.  134)  gives 
a  good  stain  which  resists  alcohol  well. 

Methyl  Green  is  sometimes  useful  in  certain  mixtures  (see  next 
chapter). 


CHAPTER  XV. 


riASMA  STAINS*  WITH  COAL-TAR  DYES. 

290.  Introduction.— By  a  plasma  stain  is  meant  one  that 
stains  the  extra-nuclear  parts  of  cells  and  the  formed  material 
of  tissues,  or  one  of  these. 

The  plasma  stains  described  in  this  chapter  are  for  the 
most  part  those  obtained  by  means  of  "acid"  dyes  (§  203); 
but  some  of  them  are  obtained  by  means  of  "neutral"  dyes 
(§  203),  and  a  few  by  "basic"  dyes. 

The  mode  of  staining  is  generally  progressive,  almost 
always  so  when  acid  colours,  used  substantively  (§  205),  are 
employed.  But  the  regressive  method,  with  differentiation, 
is  sometimes  made  use  of,  especially  when  a  mordant  has 
been  used  with  the  dye. 

In  some  processes,  e.g.,  Flemming's  orange  method,  a 
basic  and  an  acid  dye  (or  vice  vrrsa)  being  employed  m  siic- 
cessioii,  there  is  formed  in  the  tissves  a  neutral  colour  (§  203) 
which  effects  the  desired  stain.  These  may  be  considered  as 
adjective  stains,  the  first  colour  serving  as  a  mordant  for 
the  second.  Not  any  two  dyes  tahen  at  haphazard  will 
behave  in  this  way  :  they  must  be  such  as  to  form  by  com- 
bination a  suilable  neutral  lake  (cf.  §  203).  The  basic  dye 
may  be  made  the  primary  stain,  as  in  Flemming's  process  : 

or  the  contrary.  ,n    -m  v  i 

In  such  stains  as  Beinhe's  orange  method,  or  the  Ehrhch- 
Biondi  mixture,  and  many  others,  one  or  more  neutral  colours 
are  formed  in  the  mixture  and  stain  progressively. 

I    am   not   acquainted   with    any  plasma  stain   that  is 

*  This  chapter  includes  only  such  stains  as  are  used  h^ordivaryvcork 
on  tissues  in  Imlk  or  sectioES,  stains  for  n^cdal  purposes  heuig  treated 
."Jder  "Nervous  tissue,"  "Blood,"  etc.  It  inchides  some  douhle  ov 
t  pie  stains  that  affect  nuclei  as  well  as  plasma,  hut  ni  different,hues. 
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thoroughly  satisfactory  for  delicate  work.  I  recommend  for 
sections  Suurefuchsin,  either  alone  or  in  the  form  of  Ehrlich- 
Biondi  mixture^  or  Bhrlich's  triacid  :  for  material  in  bulk, 
picric  acid  (but  only  for  rough  work). 

291.  Saurefuchsin  (Acid  Fuchsin,  Fuchsin  S,  Acid  Rubin,  Rubin 
S,  Saurerubin,  Acid  Magenta,  Magenta  S). — The  chemical  descrip- 
tion of  this  acid  colour  has  been  given  (§  203)  :  it  must  not 
be  confounded  with  basic  fuchsin,  as  seems  to  have  been 
done  by  some  writers. 

This  dye  is  highly  soluble  in  water,  less  so  in  alcohol.  I 
use  a  0  5  per  cent,  solution  in  water  and  allow  it  to  act  on 
sections  for  a  few  minutes  in  the  case  of  easily  stainable 
material,  or  twenty-four  hours  or  more  for  chrom-osmium 
material.  The  stain  is  fast  to  neutral  alcohol.  It  is  very 
sensitive  to  alkalies,  so  that  overstains  can  easily  be  removed 
by  washing  for  a  few  minutes  in  tap-water.  Acids  strengthen 
the  stain,  so  that  it  is  frequently  useful  to  treat  sections  after 
staining  for  a  few  seconds  with  acidulated  water.  A  good 
stain  should  show  the  reticulum  of  cytoplasm,  together  Avith 
nuclear  spindles  and  asters,  stained  red,  and  connective  tissue 
strongly  brought  out.  It  may  be  advisable  to  acidify  the 
staining  bath  very  slightly.  Successful  stains  are  admirably 
sharp. 

292.  PyrQnin. — A  basic  dye,  red,  only  used  (as  far  as  I  can 
find)  in  mixtures.  Pappenheim  [Arch.  Path.  Anat.,  clxvi,  1901, 
p.  427)  takes  two  parts  1  per  cent,  solution  of  methyl  green 
and  one  part  1  per  cent,  solution  of  pyronin,  stains  sections  for 
five  minutes,  rinses,  and  differentiates  in  a  solution  of  resorcin 
or  hydroquinon  in  absolute  alcohol.  According  to  Corti  and 
Fereara,  Mon.  zool.  Ital.,  :xvi,  1905,  p.  319,  this  mixture 
generally  stains  chromatin  green  and  cytoplasm  red,  but'.in 
Flemming  or  Hermann  material  the  reverse.  It  seems  to  me 
a  coarse  plasma  stain,  but  likely  to  be  sometimes  useful. 

Unna's  CARBOL-PYRONiN-M ethyl  geeen  modification  {Encycl. 
Mih.  Techn.,  1910,  ii,  p.  412  :  I  am  indebted  for  the  formula 
to  Dr.  Gaddlitz)  is  as  follows  :  Stain  for  five  to  ten  minutes 
at  30°  to  40°  C.  in  methyl  green  O'lS  parts,  pyronin  0-25, 
alcohol  2-5,  glycerin  20,  and  carbolic  acid  of  0-5  per  cent,  to 
make  up  100  volumes.     Cool  rapidly,  rinse,  dehydrate,  and 
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pass  through  bergamob  oil,  or  xylol  or  benzol  {not  dove-oil) 
into  balsam.  Brings  out  bacteria  (red)  in  organic  liquids. 
The  mixture  may  be  had  from  Grubler  &  Hollborn. 

293.  Orange  G. — This-  is  the  benzenazo-beta-naphthol- 
disulphonate  of  soda  (to  be  obtained  from  Griibler  &  Hollborn, 
and  not  to  be  confounded  with  about  a  dozen  other  colours 
that  are  on  the  market  under  the  name  of  "  Orange,"  with 
or  without  a  suffix) .  As  indicated  by  its  chemical  description, 
this  is  an  "  acid''  colour. 

It  is  easily  soluble  in  water,  less  so  in  alcohol.  Use  as 
directed  for  Saurefuchsin.  Almost,  if  not  quite,  as  precise  a 
stain  as  Siiurefuchsin.  It  does  not  overstain,  but  may  wash 
out  other  dyes. 

294.  Saurefuchsin  and  Orange  G.— I  have  had  good  results 
by  mixing  the  aqueous  solutions  of  these  two  dyes,  but  unfor- 
tunately have  not  noted  the  proportions.  Squire  {Methods 
and  FormuJiB,  p.  42)  takes  1  grm.  Saurefuchsin,  6  grms. 
Orange  G.  in  60  c.c.  of  alcohol,  and  240  c.c.  of  water.  See 
also  under  "  connective  tissues." 

295.  EHiiLiCH-BiONDi  Mixture  (or  Ehri,ich-Biondi-Hei- 
DENHAIN  Mixture)  {Pfiiiger's  Arch.,  xliii,  1888,  p.  40). 

To  100  c.c.  saturated  aqueous  solution  of  orange  add  with 
continual  agitation  20  c.c.  saturated  aqueous  solution  of 
Saurefuchsin  (Acid  Fuchsin)  and  50  c.c.  of  a  like  solution  of 
methyl  green. 

(AccordiBg  to  Krause  [Afcli.  mile.  Anat.,  xlii,  1893,  p.  59],  100  pai-ts  of 
water  will  dissolve  ahout  20  of  SaurefucLsin  [Rubin  S],  8  of  orange  G. 
and  8  of  methyl  green.)  The  solutions  must  be  ahsoUtely  saturated, 
which  only  happens  after  several  days. 

Dilute  the  mixture  with  60  to  100  volumes  of  water.  The 
dilute  solution  ought  to  redden  if  acetic  acid  be  added  to  it; 
and  if  a  drop  be  placed  on  blotting-paper  it  should  form  a 
spot  bluish  green  in  the  centre,  orange  at  the  periphery.  It 
the  orange  zone  is  surrounded  by  a  broader  red  zone,  the 
mixture  contains  too  much  fuchsin. 

According  to  M.  Heidenhain  ("  Ueber  Kern  u.  1  roto- 
plasma,"  in  Festschr.  f.  Kumer,  1892,  p.  115)  the  orange  to 
be  used  should  be  "  Orange  G  ";  the  Acid  Fuchsm  or  Suure- 
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fiiclisin  should  be  "  Rubin  S  "  ("  Rubin  "  is  a  synonym  of 
Fuclisin)  and  the  methyl  green  should  be  "  Methylgriin  00." 
And  it  is  absolutely  necessary  that  these  ingredients  be  those 
prepared  under  those  names  by  the  Adienfalrih  fur  Anilin- 
fahrikation  in  Berlin.  They  can  be  obtained  from  G rubier 
&  HoUborn,  either  separately,  or  as  a  mixture  of  the  three 
dyes  in  powder  (which  I  do  not  recommend). 

The  strong  solutions  directed  to  be  taken  readily  precipi- 
tate on  being  mixed.  To  avoid  this  it  is  recommended  by 
Squire  [Methods  and  Formulse,  etc.,  p.  37)  to  dilute  them 
before  mixing. 

Other  proportions  for  the  mixture  have  been  recommended  hj  Krattse 
(Zoc.  cit.  supra),  viz.  4  c.c.  of  the  Saurefuchsin  solution,  7  of  the  orange  G 
and  8  of  the  methyl  green  ;  the  mixture  to  be  diluted  -50  to  100-fold  with 
water.  Thome  {Arch.  viik.  Anat.,  lii,  1898,  p.  820)  gives  the  proportions 
2  : 5  :  8,  and  dilutes  100-fold. 

Stain  sections  (N.B.  sections  only)  for  six  to  twenty-four 
hours.  Dehydrate  with  alcohol,  clear  with  xylol,  and  mount 
in  xylol  balsam. 

In  the  intention  of  the  observers  who  have  elaborated  this 
stain  it  is  a  progressive  stain,  and  not  a  regressive  one.  It 
does  not  require  any  differentiation,  and  the  sections  should 
be  got  through  the  alcohol  into  xylol  as  quickly  as  possible 
in  order  to  avoid  any  extraction  of  the  methyl  green,  which 
easily  comes  away  in  the  alcohol.  Druneb  {Jena.  Zeit., 
xxix,  1894,  p.  27(3)  stains  for  ten  minutes  in  the  concentrated 
solution,  treats  for  one  minute  with  alcohol  containing  0*1 
per  cent,  of  hydrochloric  acid,  and  then  with  neutral 
alcohol. 

The  best  results  are  obtained  with  suildimate  material; 
chrom-osmium  material,  and  the  like,  give  a  much  inferior 
stain.  Preparations  made  with  the  usual  mixture,  as  given 
above,  are  liable  to  fade ;  by  acidifying  the  mixture  a 
stronger  and  more  sharply  selective  stain  is  obtained,  which 
does  not  fade.  But  too  much  acid  must  not  be  added, 
as  this  would  cause  a  staining  of  the  intcrfilar  substances. 
According  to  the  Encycl.  viil:.  Tcchnilt,  you  may  add  15 
to  24  drops  of  0'2  per  cent,  acetic  acid  to  100  c.c.  of  the 
diluted  solution. 


Another  process  of  acidification  is  given  by  M.  Hbidenhain  (JJeber 
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Kern  und  Protoi-ilasma,  p.  116);  for  iliis  see  fourllt,  cdiiinn.  See  also 
Israel  {PraUikum  Pnih.  Hist. ,2  Aut\.,  Berlin,  1893,  p.  C9);  Tbamhusti 
{Ricerche  Lab.  Anat.  Boma,  v,  1896,  p.  82;  Zeit.  wiss.  Mile,  xiii,  1896,  p. 
357) :  and  Thome  (op.  cit.  supra).  Eisen  (Proc.  Calif.  Acad.  [3],  i, 
1897,  p.  8)  acidifies  with  oxalic  acid. 


After  acidification  the  solution  must  not  be  filtered,  and  if 
it  has  been  kept  for  some  time  a  little  more  acid  must  be 
added. 

Before  staining  (M.  Heidenhain,  loc.  cit.),  sections  should 
be  treated  for  a  couple  of  hours  with  O'l  per  cent,  acetic 
acid,  then  for  ten  to  fifteen  minutes  with  officinal  tincture  of 
iodine,  and  be  rinsed  with  alcohol  before  bringing  into  the 
stain.  The  treatment  with  acid  is  necessary  in  order  to 
ensure  having  the  sections  acid  on  mounting  in  balsam.  The 
primary  object  of  the  iodine  is  to  remove  any  sublimate 
from  the  preparations,  but  it  also  is  said  to  enhance  the  power 
of  staining  of  the  chromatin  with  methyl  green,  and  to 
produce  a  more  selective  staining  of  protoplasmic  elements. 

'J'he  stain  is  a  very  fine  one  when  successful.    But  it  is 
verij  capricious.     The   correct  result  should  be  a  precise 
chromatin  stain  combined  with  a  precise  stain  of  the  plastin 
element  of  cytoplasm  by  the  Siiurefuchsin.    Now  the  least 
defect  or  excess  of  acidity  causes  the  plasma  stain  of  the 
Saurefuchsin  to  become  a  diffuse  one,  instead  of  being 
sharply  limited,  to  the  plastin  element.     It  is  difficult  to 
dehydrate  the  sections  without  losing  the  methyl  green. 
For  this  reason  the  stain  will  only   work   with  very  thin 
sections:  to  be  quite  sure  of  good  results,  the  sections  should 
be  of  not  more  than  3  n  in  thickness,  and  if  they  are  over 
5   the   desired   results   are   almost    hopeless.    The  stani 
keeps  very  badly.    I  admit  that  the  method  has  its  raison 
d'etre  for  the  very  special  objects  for  which  it  was  imagined 
—for  the  researches  on  cell-granulations  for  which  Ehrlich 
employed  the  three  colours,  or  for  the  researches  on  the 
plastin  element  of  cytoplasm  for  which  Martin  Heidenhain 
employed  the  mixture;  for  the  study  of  gland  cells;  and 
for  similar  objects.     But  to  recommend  it,  as  has  been  done, 
as  a  general  stain  for  ordinary  work,  is  nothing  but  mis- 
chievous  exaggeration.    For   it  is  far  from  having  the 
qualities  that  should  be  possessed  by  a  normal  section  stam. 
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Workers  have  at  length  fomul  this  out,  and  it  is  now  but 
h"ttlo  used  except  for  the  special  purposes  above  indicated. 

296.  Bhelich's  "  Triacid  "  Mixture.— This  name  would  seem 
to  indicate  that  the  mixture  contains  three  "  acid  "  colours, 
which  is  not  the  case,  methyl  green  being  a  strongly  "basic  " 
colour.  Ehrlich  explains  in  a  letter  to  Mayer  (see  also 
Ehrlich  and  Lazarus,  Die  Aiuvmie,  1898,  p.  26)  that  it  is 
so  called  "  because  in  it  all  the  three  basic  groups  of  the 
methyl  green  are  combined  with  the  acid  dye-stuffs."  A 
very  pretty  conundrum  ! 

The  latest  receipt  (op.  cit.,  p.  28)  is  as  follows  : 
Prepare  separately  saturated  solutions  of  orange  G, 
Saurefuchsin,  and  methyl  green,  and  let  them  clarify  by 
settling.  Then  mix,  in  the  order  given,  using  the  same 
measure-glass,  13  to  14  c.c.  of  the  orange,  6  to  7  of  the 
Saurefuchsin,  15  of  distilled  water,  15  of  alcohol,  12^  of 
the  methyl  green,  10  of  alcohol,  and  10  of  glycerin.  After 
adding  the  methyl  green,  shake  well,  but  do  not  filter. 

The  mixture  keeps  well.  I  find  its  qualities  and  defects 
to  be  much  those  of  the  Ehrlich-Biondi  mixture.  The  stain 
seems  more  powerful  but  less  delicate,  and  the  methyl  green 
in  it  appears  to  have  more  resistance  to  alcohol,  so  that  it  is 
better  adapted  for  ordinary  work. 

Mayee  (Grmidziujc,  Lee  &  Mayee,  p.  197)  has  simplified  tlie  formula 
thus  :  Take  Xg.  methyl  green.  2  g.  orange,  3  g.  Siiurefuschin,  and  dis- 
solve in  a  mixture  of  45  c.c.  water,  10  c.c.  glycerin,  and  20  c.c.  alcohol  of 
90  per  cent. 

MoEEL  and  Dolbeis  (C.  B.  Soc.  Biol.,  liv,  1902,  p.  1255)  mix  1  vol.  of 
the  sohition  with  one  of  8  per  cent,  formalin  and  add  01  per  cent,  of 
acetic  acid,  and  state  that  thus  the  methyl  green  is  better  fixed  in  the 
nuclei. 

297.  Pianese's  Saurefuehsin-malachite  Green  (from  Mttllee, 
Arch.  Zellforsch.,  viii,  1912,  p.  4)  consists  of  0'5  grm.  malachite  green, 
O'l  grm.  Siiirrefuchsin,  and  O'Ol  grm.  Martins  yellow  in  150  c.c.  water 
and  50  c.c.  alcohol.  Stain  for  24  hours,  differentiate  with  alcohol,  con- 
taining 1  to  2  drops  of  HCl  per  200  c.c. 

S98.  Piciic  Acid. — Picric  acid  gives  useful  plasma  stains 
after  carmine  and  harmatoxylin.  The  mcd^i.i  operamU  con- 
lists  merely  in  adding  picric  acid  to  the  alcohols  employed 
for  dehydrating  the  objects. 
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Picric  acid  has  considerable  power  of  washing  out  other 
anilin  stains ;  and  in  comUnatioio  with  Injdrachloric  acid  it 
very  (jreatly  enhances  the  power  with  which  this  acid  washes 
out  carmine  stains.  It  should,  therefore,  not  be  added  to 
the  acidulated  alcohol  taken  for  differentiating  borax-carmine 
stains,  or  the  like,  but  only  to  the  neutral  alcohol  used  after- 
wards. It  has  the  great  quality  that  it  can  be  used  for 
staining  entire  objects,  and  is  much  indicated  for  such 
objects^as  small  Arthropods  or  Nematodes,  mounted  whole. 

It  can  in  some  cases  be  employed  by  dissolving  it  in  the 
solution  of  another  dye  (see  Picro-carmine,  Leqal's  alum- 
carmine,  §  219,  etc.)  j  or  (for  sections)  by  dissolving  it  in  the 
xylol  or  chloroform  used  for  clearing. 

Though  picric  acid  is  a  useful  ground  stain,  it  is  at  most  a 
o'Oitgh  one,  being'  very  diffuse.  It  stains,  however,  horn, 
chitin,  muscle  and  erythrocytes,  with  special  energy. 

According  to  Fkohlich  {Zeit.  wiss.  Mile,  xxvii,  1910, 
p.  31-9)  ficraminic  acid  (from  Grubler  &  Hollborn)  has  some 
advantages  over  picric  acid. 

299.  Van  Giisson's  Picro-Saurefuchsin  (from  Zeit.  wiss.  Mile, 
xiii,  1896,  p.  344).— To  a  saturated  aqueous  solution  of 
picric  acid  is  added  a  few  drops  of  saturated  aqueous 
solution  of  Saurefuchsin,  until  the  mixture  has  become 
garnet-red.  Or  {Tran.^.  Amer.  Micr.  Soc,  xix,^  1898,  p. 
105)  to  100  parts  of  the  picric  acid  solution  add  5  parts  of 
1  per  cent,  solution  of  Saurefuchsin.  After  staining  (sections 
only),  rinse  with  water,  dehydrate,  and  clear  in  oil  of 
origanum. 

Ohlmacheh  {Joimi.  Exper.  Med.,  ii,  1897,  p.  675)  adds  0-5 
per  cent,  of  Saurefuchsin  to  a  saturated  solution  of  picric 
acid  which  has  been  diluted  with  an  equal  quantity  of  water. 
He  uses  this  after  previous  staining  with  gentian  violet. 

Ramon  y  Oajal  recommends  O'l  grm.  of  Saurefuchsin  to 
100  of  saturated  solution  of  picric  acid  (Schaffer,  Zeit.  wiss. 
^ooL,  Ixvi,  1899,  p.  236). 

Hansicn  {Anat.  An?..,  xv,  1898,  p.  152)  adds  5  c.c.  of  2  per 
cent  solution  of  Saurefuchsin  to  100  c.c.  saturated  solution 
of  picric  acid,  and  for  staining  adds  to  3  c.c.  of  the  mixture 
one  third  of  a  drop  of  2  per  cent,  acetic  acid,  stains  for  a 
few  minutes  or  hours,  rinses  in  3  c.c.  of  water  with  2  drops 
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of  the  acidified  stain  added,  dehydrates,  clears  with  xylol, 
and  mounts  in  xylol-balsani.  Connective- tissue  red,  elastin 
and  all  other  elements  yellow. 

Wkigert  {Zeit.  ivis^.  Mile,  1904,  p.  3)  adds  10  parts  of  1 
per  cent.  Siiurefuchsin  to  100  of  saturated  picric  acid. 

See  also  Moller,  op.  cit.,  xv,  1898,  p.  172. 

This  stain  is  generally  used  as  a  contrast  stain  to  follow 
ha^matoxylin.  Apathy  [Behrens'  Tahellen,  3rd  ed.,  p.  129) 
takes  for  this  purpose  1  grm.  of  Siiurefuchsin  in  500  c.c.  of 
saturated  solution  of  pier  ate  of  ammonia. 

WiLHELMi  {Fauna  Flora  Golf.  Neapel,  xxii,  1909,  p.  18) 
takes  0-2  grm.  Saurefuchsin,  0-8  grm.  picrate  of  ammonin,, 
10  grm.  absolute  alcohol,  and  89  grm.  water. 

E.  and  T.  Satini  [Zed.  wins.  Mile,  xxvi,  1909,  p.  31)  use 
a  formula  due  to  Benda.  Ninety-five  volumes  of  saturated 
solution  of  picrate  of  ammonia  are  mixed  with  5  volumes  of 
1  per  cent,  solution  of  Saurefuchsin.  For  use,  two  to  four 
drops  of  saturated  solution  of  picric  acid  are  added  to  10  c.c. 
of  the  mixture.  This  neither  overstains  nor  attacks  tlie 
primary  stain. 

SOO.  Flemming's  Orange  Method  {Arcli.  mil!.  Anat.,  xxxvii,  1891, 
pp.  249  and  685).— Staiu  sections  of  Flemning  or  Hermann  material  in 
strong  alcoholic  safranin  solution  diluted  with  anilin  water  (§  286)  ; 
differentiate  in  absolute  alcohol,  containing  at  most  O'l  per  cent,  of 
hydrochloric  acid,  until  hardly  any  more  colour  comes  away  ;  stain  for 
one  to  tlu-ee  hoiu-s  in  gentian  violet  (§  287) ;  wash  for  a  short  time  in 
distilled  water ;  treat  with  concentrated,  or  at  least  fairly  strong, 
aqueous  solution  of  orange  G.  After  at  most  a  few  minutes,  whilst 
pale  violet  clouds  are  still  being  given  off  from  the  sections  on 
agitation,  bring  them  into  absolute  alcohol  until  hardly  any  more  colour 
comes  away,  clear  in  clove  or  bergamot  oil,  and  mount  in  damar  or 
balsam  before  the  last  pale  clouds  of  colour  have  ceased  to  come  away. 
The  orange  must  be  orange  G. 

WiNiWAETEE  and  Sainmont  (Zeit.  wiss.  Mile,  xxv,  1908,  p.  157, 
and  Arch.  Biol.,  xxiv,  1909,  p.  15)  stain  for  24  hours  in  the  gentian, 
wash  out  after  the  orange  for  2  to  3  hours  in  100  c.c.  absolute  alcohol 
with  three  to  four  drops  of  HCl,  and  differentiate  finally  with  oil  of 
cloves. 

This  is  not  a  triple  stain  in  the  sense  of  giving  three  different 
colours  in  the  result ;  it  is  a  nuclear  and  plasmatic  stain  in  mixed  tones; 
the  orange,  apparently,  combines  with  the  gentian  to  form  a  "  neutral " 
dye,  soluble  in  excess  of  the  orange  (§  203)  which  thus  differentiates  the 
stain. 
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See  also  PLEMMiNa  in  Arch.  Annt.  Pkijs.  Anal.  Abtk.,  1897,  p.  175. 
Never  popular,  this,  clumsy  and  uucertaiii  process  is  now  little  used. 

301.  Reinke'b  Orange  Method  {Aroli,.  mile.  Anat.,  xliv,  2,  lii94,p.  262). 
—To  a  concentrated  ar[ueous  solution  of  gentian  violet  are  added  "  a  few 
drops  "  of  a  like  solution  of  orange  Gr.  The  solution  precipitate.s  in  part , 
owing  to  the  formation  of  an  imperfectly  soluble  "  neutral  "  colour,  ljut 
becomes  almost  clear  agahi  if  an  excess  of  water  he  added.  The 
solution  is  not  to  be  filtered,  but  the  sections  are  to  be  stained  in  the 
mixture  made  almost  clear  Ijy  addition  of  water.  It  is  said  that  the 
"  neutral  "  solution  may  be  preserved  for  future  use  by  adding  to  it  one 
third  of  alcohol.  After  staining  (sections  previously  stained  with 
safranin),  you  differentiate  rapidly  with  alcohol  and  clear  with  clove  oil. 

I  have  tried  this  process  and  obtained  exactly  the  same  results  as  with 
Plemming's  process,  and  so  have  other  workers. 

Aknold's  Orange  Method  {Arch.  ZcLlforsch.,  iii,  1909,  p.  iSi). — 
Sections  (of  chrome  material)  are  treated  for  five  minutes  with  solution  of 
equal  parts  of  iodine  and  iodide  of  potassium  in  alcohol  of  40  per  cent., 
then  washed  and  stained  for  4  hours  in  saturated  solution  of  safranin  in 
alcohol  of  75  per  cent.  :  then  washed  and  put  for  5  to  15  minutes  into 
solution  of  seven  parts  of  methylen  blue,  0  5  of  carbonate  of  soda  and  100 
of  water,  washed,  dehydrated,  and  treated  until  pale  blue  with  solution  of 
orange  G.  in  oil  of  cloves.  Cytoplasmic  reticulum  blue  on  orange  grovmd, 
nucleoli  and  centrosomes  red.  Instead  of  the  safranin,  basic  fuchsin 
may  be  taken. 

303.  Bonney's  Triple  Stain  {Virchow's  Arch.,  cxciii^  1908, 
p.  547,  and  elsewhere). — Stain  sections  (of  acetic  alcohol  or 
sublimate  material,  not  chrome  or  formol  material)  for  two 
minutes  in  a  solution  of  0-25  jjarts  methyl  violet  and  1  part 
pyronin  in  100  of  water.  Wipe  slide  dry,  and  flood  twice 
with  the  following  :  2  per  cent,  aqueous  solution  of  orange  G-, 
boiled  and  filtered,  is  added  drop  by  drop  to  100  c.c.  of 
acetone,  with  agitation,  until  there  is  formed  a  flocculent 
precipitate,  which  redissolves  on  further  addition  of  the 
orange.  Wash  rapidly  in  pure  acetone,  and  pass  through 
xylol  into  balsam.  Chromatin  violet,  cytoplasm  red,  con- 
nective tissue  yellow,  keratin  violet.  Not  adapted  for  blood 
films. 

303.  Bordeaux  E.— An  "  acid  "  dye,  giving  a  general  stain 
taking  effect  both  on  chromatin  and  cytoplasm,  and,  I  con- 
sider, a  very  good  plasma  stain.  I  use  for  chrom-osmium 
material  a  1  per  cent,  solution,  and  stain  for  tvirelve  to 
twenty-four  hours.     The  stain  is  sufficiently  fast. 
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304.  Bordeaux  E,,  TMonin,  and  Methyl  Q-reea  (GrBlBiSBGt,  Zait. 
wiss.  Mik.,  xiii,  4, 18 JH,  p.  460). 

305.  Congo  Esd  (Congoroth)  (see  GBiBdHACH,  in  Zeit.  wisb-. 
MIk.,  iii,  1866,  p.  379). — An  "acid"  colour.  Its  solution 
becomes  blue  in  presence  of  the  least  trace  of  free  acid 
(hence  Congo  is  a  valuable  reagent  for  demonstrating  the 
presence  of  free  acid  in  tissues  ;  see  the  papers  quoted  loc. 
cit.).  A  stain  much  of  the  same  nature  as  Silurefuchsin. 
It  is  useful  for  staining  some  objects  during  life  (see  ante,  § 
208).  Carnoy  [La  Cellule,  xii,  1897,  p.  216)  has  had  very 
good  results  with  it  after  htematoxylin  of  Delafiuld.  He 
used  0"5  per  cent,  solution  in  water.  Note  that  this  colour 
is  not  to  be  confounded  with  other  Congos,  as  Congo  yellow, 
or  brilliant  Congo.     It  is  one  of  the  azo  dyes. 

306.  Congo-Corinth.— Also  an  acid  dye.  Heidenhain  {Zeit.  wiss. 
Mile,  XX,  1903,  p.  179)  recommends  Congo-Corinth  G  (or  the  aUied 
colom-  Benzopurpurin  6  B)  (Elberf elder  Parbwerke) .  Sections  viusl  he 
made  alkaline  before  staining,  by  treating  tliem  with  very  weak  sal 
ammoniac  or  caustic  soda,  in  alcohol.  After  staining,  pass  through 
absolute  alcohol  into  xylol.  Used  after  akun  hssmotoxylin,  the  stain  of 
which  it  does  not  cause  to  fade. 

307.  Benzopurpurin.— According  to  Geiesbach  (loc.  cit.,  §  305), 
another  "acid"  colour  very  similar  in  its  residts  to  Congo  red.  See 
also  ZscHOKKB  (ibid.,  v,  1888,  p.  466),  who  recommends  Benzopurpurin 
B,  and  says  that  weak  aqueous  solutions  shoidd  be  used  for  staining, 
which  is  effected  in  a  few  minutes,  and  alcohol  for  washing  out. 
Deltapurpurin  may  be  used  in  the  same  way. 

See  last  §  as  to  the  necessity  of  alhalising  the  sections,  which  Heiden- 
hain states  is  necessary  with  all  dyes  of  this  group. 

308.  Blauschwarz  B  and  Brillantsehwarz  3  B  (Heidenhain,  qp. 
cit.,  §  306,  p.  183).— Acid  azo  dyes.  To  be  used  in  1  per  cent,  sohition 
with  sections  of  sublimate  material,  staining  for  five  to  ten  minutes. 
Then  stain  is  a  basic  dye,  such  as  toluidin  Ijlue  or  safranin. 

309.  Neutral  Red  (Neutralroth)  (Ehklich,  Allcj.  med.  Zeit., 
1894,  pp.  2,  20  ;  Zeit.  loiss.  Mih.,  xi,  1894,  p.  250;  Caleottt, 
ihid.,  p.  193).— A  "  basic  "  dye.  The  term  "  neutral "  refers 
to  the  hue  of  its  solution.  Its  neutral  red  tint  is  turned 
bright  red  by  acids,  yellow  by  alkalies.  The  stain  in  tissues 
is  in  general  metachromatic,  nuclei  being  red,  cell-bodies 
yellow  (r/.  Rosin,  in  Deutsche  med.  Wochenschr.,  xxiv,  1898, 
p.  615;  Zeit.  iciss.  Mik.,  xvi,  2,  1899,  p.  238).    Up  to  the 
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present  this  colour  luis  cliiofly  been  employed  for  vidra-vUam 
staining.  Tadpoles  kept  for  a  day  or  two  in  a  solution  of  1  : 
10,000  or  100,000  absorb  so  considerable  a  quantity  of  ilio 
colour  tliat  all  tlieir  tissues  appear  of  a  dark  red.  The  stain 
is  limited  to  cytoplasmic  granules  (Ehklich),  and  to  the 
contents  of  mucus  cells  (Galeotti). 

According  to  Ehrlicii  and  Lazarus  {Spec.  Pathol,  imd 
Therapie    herausgeg.  von  Nothnagel,  viii,  1,  1898,  ]>.  1  ; 
Zeit.  f.  wus.  Mile,  XV,  3,  1899,  p.  338)  it  may  be  used  for 
intra-vitam  staining  of  tissues  in  the  same  way  as  methylen 
blue,  by  injection  or  immersion  with  contact  of  air.     It  is 
especially  a  granule  stain.     Similar  results  are  recorded  by 
Arnolu  {Anat.  Anz.,  xvi,  1899,  p.  568,  and  xxi,  1902,  p.  418). 
See  also  BuRLicn  and  Lazarus,  Anasmie,  i,  1898,  p.  85  ;  Loisel 
(/o«rn.  de  VAnat.  et  de  la  Phi,siol.,  1898,  pp.  197,  210,  21v) 
iinlra-vitam  staining  of  sponges)  ;  and  Pkowazek  {Ze.it.  ^oiss 
Zool.,  Ixii,  1897,  p.  187)  {intra-vitam  staining  of  Irotozoa). 
I  myself  have  had  very  good  results  with  it  as  an  intra- 

vitam  stain.  . 

According  to  Golovinis  {Zeit.  wiss.  Mih.,  xix,  1902,  p.  l  /b), 
the  stain  may  be  fixed  in  the  tissues  by  means  of  sublimate, 
chromic  acid,  bichromates,  picric  acid,  or  platinum  chloride, 
followed  by  molybdate  of  ammonium. 

It  has  also  been  found  useful  for  staining,  ni  hardened 
material,  the  corpuscles  of  Njssl  (g.  v.)  in  nerve-cells,  b. 
Mayer  {Lotos,  Prague,  1896,  No.  2)  states  that  it  also  stains 
degenerating  myelin.  The  solutions  that  have  been  emp  oyed 
for  staining  fixed  material  are  strong  aqueous  ones,  1  per 
cent,  to  concentrated. 

310  The  Eosins,  found  in  commerce  under  the  names  of 
Eosin,  SafFrosin,  Primerose  Soluble,  Phloxin,  Bengal  Rose,  Ery- 
throsin,  Pyrosin  B,  Eose  B,  a  I'Eau,  etc.,  are  all  acid 
phthalein  colours.  They  are  not  quite  identical  m  then- 
properties.  Most  of  them  are  soluble  both  "\akohol  and 
in  water,  but  some  only  in  alcohol  {"Primerose  a  l  Alcool  ). 

They  are  all  diffuse  stains,  formerly  much  used  as  con- 
trast stains,  less  so  now.     Hansen  {Anat.  Hefte,  xxvii,  190o 
p  620)  adds  1  drop  of  acetic  acid  of  2  per  cent  to  9  c.c.  ot 
1  per  cent,  eosin,  which  makes  the  ^tain  more  selective. 
For  Bengal  Rose  see  Griesbacu,  Zool.  Anz.,  ISbd,  p.  u^- 
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Eosin  is  a  specific  sfcain  for  red  blood-corpusoles,  and  also 
for  certain  granules  of  leucocytes  (see  under  "  Blood  "). 

The  yolk  of  some  ova  takes  the  stain  strongly,  so  that  it 
is  useful  in  some  embryological  researches. 

311.  Bhrlich's  Indulin-Aurantia-Eosin,  or  Acidophilous 
Mixture,  or  Mixture  C,  or  Mixture  for  Eosinophilous  Cells  (from 
the  formula  kindly  sent  me  by  Dr.  Grubler). — Indulin, 
aurantia,  and  eosin,  of  each  two  parts ;  glycerin,  thirty 
parts.  This  gives  a  very  thick,  syrupy  solution.  To  use  it, 
cover-glass  preparations  may  be  floated  on  to  it ;  or  sections 
on  slides  may  have  a  few  drops  poured  on  to  them,  the  slide 
being  laid  flat  till  the  stain  has  taken  effect  (twenty-four  hours 
for  Flemming  material) .  I  find  that  with  Flemming  material 
it  gives  a  powerful  and  good  stain,  which  is  much  more 
resistant  to  alcohol  than  that  of  the  Ehrlich-Biondi  mixture, 
and  is,  therefore,  much  more  adapted  to  ordinary  work. 
The  stain  keeps  well. 

Israel  {PraUih.  Path.  Eist.,  Berlin,  1893,  p.  68)  gives  a  more 
complicated  receipt. 

312.  Methyl  Green  and  Eosin  (Calberla,  Morph.  Jalirh.,  iii,  1877, 
Heft  3,  p.  625  ;  List,  Zeit.  wiss.  Mile,  ii,  1885,  p.  147  ;  Balbiani,  Ann. 
Microgr.,  Paris,  vii,  1895,  p.  245  ;  Rhumblek,  Zeit.  wiss.  Zool.,  Ixi,  1895, 
p.  38). — See  early  editions. 

313.  Methylen  Blue  and  Eosin  (Chenzinskt,  quoted  from  Zeit. 
wiss.  Milt.,  xi,  i,  1894,  p.  269). 

Methylen  bhie,  sol.  sat.  in  water  .  .  .  .40 
Eosin,  0-5  per  cent,  in  70  per  cent,  alcohol  .       .  20 

Distilled  water,  or  glycerin  40 

This  solution  will  only  keep  for  about  eight  days. 
Pianese  (ibid.,  xi,  1894,  p.  345)  adds  a  considerable  proportion  of 
carbonate  of  lithia. 
See  also  the  mixture  of  Beemer  {Arch.  mile.  Anat.,  xlv,  1895,  p.  446). 
I  have  tried  Chenzinskt's  mixtiire  as  a  tissue  stain,  without  good 
results ;  but  see  Eosin,  Berliner  Iclin.  Wochenschr.,  1898,  p.  251 ;  Zeit. 
wiss.  Mile.,  xvi,  1899,  p.  223,  and  xvii,  1900,  p.  333. 

See  also  Laurent  {Centralb.  allg.  Path.,  xi,  1 900,  p.  86 ;  Zeit.  wiss.  Mile., 
xvii,  1900,  p.  201). 

314.  Mallory's  Eosin  and  Methylen  Blue  {Joiirn.  med.  Research, 
January,  1904).— Sections  of  Zenker  material  (other  sublimate  material 
not  so  good)  are  stained  for  half  to  three  quarters  of  an  hour  at  56°  C. 
in  5  per  cent,  aqueous  solution  of  eosin,  rinsed  and  flooded  with  solution 
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of  one  parfc  of  methylen  l.lue,  and  one  of  potassium  cayboimte  in  100  of 
water,  diluted  with  about  seven  parts  of 

they  ^re  flooded  (not  washed)  with  water,  and  diiferentiated  for  about 
5  minutes  in  alcolxol  of  95  per  cent.    Absolute  alcohol,  xylol,  balsam. 

315.  Other  Eosin  and  Methylen-blue  Stains.-For  some  very 
important  ones  see  under  "  Blood." 

316.  Light  Green  (Lichtgrun  S.  i'.).-An  "  acid "  colour, 
soluble  in  water  or  alcohol,  and  a  good  plasma  stam. 

Benda  {Verh.  physiol.  Ges.  Berlin,  Dec.  18tli,  1891,  Nos. 
4  u  5)  stains  sections  for  twenty-four  hours  m  anilm-water 
safranin  solution,  then  for  about  half  a  ininute  i^n  a  solution 
of  0-5  grm.  Lichtgriin  or  Saureviolett  (Grubler)  in  200  c.c. 
of  alcohol,  dehydrates  and  mounts  in  balsam.    This  process 
o-ives  a  very  elegant  stain,  but  requires  very  thm  sections, 
and  there  is  always  risk  of  the  safranin  being  washed  on  . 
The  Lichtgriin  stain  unfortunately  does  not  keep  at  all  well 
See  also  Prenant,  Arch.  mile.  Anat.,  vii,  1905,  p.  430,  and 
GaiKYSSE,  G.B.  8oc.  Biol,  Ixii,  1907,  p.  1212. 

317  Janus  Green  (Michaelis,  Arch.  mile.  Anat.,  Iv,  1900,  p.  565).- 
Used  in  solution  of  1  :  30,000  for  staining  cei-tain  granules  (pancreas, 
salivary  glands,  etc.)  in  the  fresh  state. 

qifl  Malachite  Green  (syn.  Solid  Green,  Victoria  Green,  New 
Green  Benzoyl  Green,  FaS  Green).-A  basic  colour,  wb.ch  has  been 
used  as  a  plasma  stain  for  the  ova  of  Asoaris  by  VAK  Benbbbn  and 
Neyt    These  authors  used  it  for  glycerin  preparations  ;  it  can  hardly 

''lt.^^T^cl.  mil.  Anat.  xix,  1881,  p.  324)  attributes  to  it  a 
special  affinity  for  nucleoli. 

(MATEB,  Mitth.  Zool.  Stat.  Neapei,  xn,  1896,  p.  311 ,  see  also  earUei 
editions).    It  is  now  only  used  by  botamsts. 

320  Thiophen  Green  (Thiophengriin),  see  Kbatise,  Intern.  Men- 
atsschr.  Anat.,  etc.,  iv,  1887,  Heft  2. 

a    „  rrvoon  "irid"  dve,  is  recommended  for  the 
321.  Goerulem  S.,  a  green    acia    uye  x  iqoo  „ 

,  •  •       t  fibrils  bv  M  V.  Lenhossek  (Anat.  Anz.,  xm,  ibJJ.p. 

staimng  of  muscle-bbiUs  Dy  m  Rawitz,  ibid.. 

339)._See  also  Hbidenhain,  thid.,  xx,  lJUi,  p.  anu 

xxi,  1902,  p.  554. 
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322.  Quinolein  Blue  (Cyanin,  CMnolinblau ;  v.  Ranvieb,  2Vatfe, 
p.  102). — Quinolein  is  said  by  Ranvier  to  have  the  property  of  staining 
fatty  matters  an  intense  blue. 

It  is  useful  for  staining  Infusoria,  which  in  dilute  eohition  it  stains 
during  life.    See  the  methods  of  Ceetes. 

From  the  reactions  mentioned  by  Ranvier  it  would  seem  that  his  "  bleu 
de  quinolcine  "  is  not  the  preparation  that  usually  goes  imder  that  name. 
See  Ehklich,  in  Arch.  mile.  Anat.,  xiii,  1877,  p.  266. 

323.  Indulin  and  Nigrosin. — Indulin,  Nigrosin,  Indigen, 
Coupier's  Blue,  Past  Blue  R,  Fast  Blue  B,  Black!  ey  Blue,  Guernsey 
Blue,  Indigo  substitute  are  the  names  of  brands  of  a  group  of  dyes, 
mostly  "  acid,"  related  to  the  base  violaniliu.  According  to  Behbens 
the  name  Indulin  is  generally  given  to  a  bluish  brand,  and  that  of 
Nigrosin  to  a  blacker  one. 

Nigrosin,  used  with  sublimate  material,  I  find  stains  both  nuclei  and 
cytoplasm,  the  chromatin  strongly.  It  will  not  give  the  stain  at  all 
with  chrom-osmium  material. 

According  to  Calbebla  {Morph.  Jahrb.,  iii,  1877,  p.  627)  the  concen- 
trated aqueous  solution  of  Indulin  should  be  diluted  with  six  volumes 
of  water.  Sections  will  stain  in  the  dihite  solution  in  five  to  twenty 
minutes.  He  also  says  that  it  never  stains  nuclei ;  the  remaining  cell- 
contents  and  intercellular  substance  are  stained  blue.  This  seems  to 
me  to  be,  roughly,  correct. 

324.  Safranin  and  Nigrosin  (or  Indigo-Carmine)  (Kossinski 
Zeit.  tviss.  Mile,  vi,  1880,  p.  61). -See  early  editions. 

325.  Picro-NigTosin,  Pfitzer  [Deutsch.Butan.  Geselhch.,  1883, 
p.  44)  dissolves  nigrosin  in  a  saturated  solution  of  picric  acid 
in  water,  and  uses  it  for  fixing  and  staining  at  the  same 
time,  on  the  slide.     See  also  under  "  Connective  Tissues." 

326.  Anilin  Blue.— Under  this  title  are  comprised  various 
"  basic  "  derivatives  of  the  base  rosanilin.  They  occur  under 
the  names  Spirit  Soluble  Blue  (Bleu  Alcool),  Gentian  Blue  6  B 
Spirit  Blue  0,  Opal  Blue,  Bleu  de  Nuit,  Blue  Lumiere,  Parma 
Bleu,  Blue  de  Lyon.  Some  authors  give  the  name  Bleu  de 
Nuit  and  Gi-iindstichblau  as  synonyms  of  Bleu  de  Lyon.  The 
Encycl.  mik.  Technik.  says  it  is  "  Anilinblau  B—  6  B,"  with 
many  synonyms,  or  designations  of  brands,  Parma  blue  beine- 
"Anihnblau  R  or  2  R."  I  find  it  a  fairly  good  stain,  givino- 
very  good  differentiations  of  nerve-tissue  and  of  cartilage 
(as  has  already  been  pointed  out  by  Baumgarten  and  by 
Jacoby).  Maurice  and  Schulgin  stain  in  bnlk  with  it 
after  borax-carmine,  using  a  very  dilute  alcoholic  solution. 
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Baumgakten  and  Jacoby  stain  sections  in  a  0-2  per  cent. 

alcoholic  solution.  , 
TONKOFF  {Arch.  mile.  AnaL,  Ivi,  1900,  p.  394)  adds  a  little 

tincture  of  iodine  to  the  solution  of  the  dye,  or  mordants 

the  sections  with  iodine.  •   iqoi  90^ 

SKR013ANSKY  {hitem.  Moiiafsschr.  Anat.,  xxi,  1904,  p.  ^U) 

uses  it  in  water  with  picric  acid. 

327.  carmine  Blue  (Bleu  Carmin  Ac^ueux,  f--,^*;^^*-^^^^",^; 
and  Brunig,  at  H6cli8t-a-M.).-JANSSENS  (La  Cellule,  ix,    893       9 ) 
Uteftlt  tins  colour  possesses  a  Bpecial  affinity  for       parts  of   yt  ^ 
plasm  that  are  undergoing  cuticular  differentiation.    He  uses 
alcoholic  solution  acidified. 

328.' Methyl  Blue.-Under  this  title  -"^  ,^o^P"^^f^ 
other  derivatives  of  the  base  rosanilin.    lliey  -e  acid 
colours.    Here  belong  Methyl  Blue,  Cotton  Blue.  Water  Blue 
(Wa.serblau).   Methyl  Water-Blue,   China  Blue  (Chmablau), 

'^'"t' these  Water  Blue  (Wasserhlau)  Po-sses  so- 
useful  properties.  According  to  MiTEorHAKOW  (quoted  fioin 
zTLs   Mih.,  y,  p.  513),  used  m   concentrat  d 

1  it  P-ives  a  very  good  double  stam  with 

XI    uTJy  S.:*  to  alio,.   Usi.g  .he  W..e. 

results     The  WasserWan  must  be  used  first.    With  chiom 
.  materia,,  t.elve  to  t«uty-,ou.  hours  „,   he  blue 
aud  four  or  five  in  the  safran.u,  may  uot  he  too  much.  My 
stains  have  not  kept  welh 

Mank  [Methods,  etc.,  p.  216)  uses  a  mix  ure  of  35  pait 
1  per  cent,  solution  of  eosin,  45  of  -thyl  b  ue  and    0  of 
water.    He  has  also  {Zcit.  u,ss.  M^K  xi,  1894,  p.  4yu] 
a  similar  mixture  for  nerve-cells. 

„e  that  the  aaihn  Wue-htek  0    h'»  h,' 

1903,  p.  185,  and  xxv,  1909,  p.  407. 

330.  Violet  B  (or  Methyl  Violet  B)  (S.  M»™,  ^J-  ^; 

iii  Ahth,   l^eb™a,.y.   "82).  U^ed 

solutions  ot  1  grm.  of  the  oolour  to  800  guns,  ot  u  o  1 
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salt  solution,  and  with  fresh  tissues  that  have  not  been 
treated  with  any  reagent  whatever,  this  colour  gives  a  stain 
so  selective  of  the  elements  of  the  vascular  system  that 
favourable  objects,  such  as  -serous  membranes,  appear  as  if 
injected.  The  preparations  do  not  keep  well ;  acetate  of 
potash  is  the  least  unsatisfactory  medium  for  mounting  them 
in,  or  a  mixture  of  equal  parts  of  glycerine  and  saturated 
solution  oE  picrate  of  ammonia  [Aunt.  A>iz.,  1892,  p.  221). 
See  also  under  "  Plasmafibrils." 

The  allied  dye.  Crystal  Violet,  has  been  employed  for  stain- 
ing sections,  e.g.  by  Ki:om:a.yer  and  others.  Bbnda  {Neurol. 
Gentralb.,  xix,  1900,  p.  792)  stains  in  a  mixture  of  1  vol. 
saturated  sol.  of  the  dye  in  70  per  cent,  alcohol,  1  vol.  1  per 
cent.  sol.  of  hydrochloric  acid  in  70  per  cent,  alcohol,  and 
2  vols,  of  anilin  water,  the  liquid  being  warmed  until  vapour 
is  given  off,  then  cooled  and  the  sections  dried  with  blotting- 
paper,  treated  one  minute  with  30  per  cent,  acetic  acid, 
dehydrated  with  alcohol  and  cleared  with  xylol. 

331.  Kresyl  Violet. — An  oxyazin  dye,  giving  metachromatic  stains. 
Hebxheimee  (Arch.  mik.  Anat.,  liii,  1899,  p.  519,  and  liv,  p.  289)  stains 
sections  of  skin  with  Kresyl-eclitviolett.  Nuclei  bine,  plasma  reddish. 
Similarly  FiCK  [Gentralb.  ally.  Path.,  xiii,  1902,  p.  987;  Zeit.  wiss.  Mile, 
XX,  1903,  p.  223),  staining  for  three  or  foui-  minutes  in  a  concentrated 
aqueous  solution,  and  differentiating  in  alcohol  iintil  the  connective 
tissue  has  become  coloiu-less.  Keratohyalin  violet-red  to  salmon- 
coloured. 

332.  Saureviolett,  see  §  316. 

333.  Benzoazurin  may  be  made  to  give  either  a  diffuse  or  a  nuclear 
stain,  according  to  Martin  (see  Zeit.  wiss.  Mile,  vi,  1889,  p.  193). 

334.  Rawitz'  "Inversion"  Plasma  Stains.— It  has  been  discovered 
by  Rawitz  that  by  means  of  appropriate  mordants  certain  basic  anilins, 
which  by  the  usual  methods  of  regressive  staining  are  pure  chromatin 
stains,  may  be  made  to  afford  a  pure  plasma  stain,  thus  giving  an  "  in- 
version" of  the  usual  stain.  The  stain,  in  my  opinion,  is  a  vile  one. 
For  details  see  fourth  editimi,  or  Rawitz  (Sitzb.  Gesnaturf.  Freunde, 
Berlin,  1894,  p.  174  ;  Zeit.  wiss.  Mik.,  xi,  1895,  p.  503  ;  and  his  Leitfaden 
f.  hist.  Untersuchungen,  Jena,  1895,  p.  76). 

335.  Artificial  Alizarin  (Rawitz,  Anat.  Am.,  xi,  10,  1895,  p.  295).— 
A  double  stain  by  means  of  artificial  Alizarin,  or  Alizarin-cyanin, 
requiring  the  use  of  special  mordants  supplied  by  the  colour  manu- 
facturers, and  very  complicated.    See  fifth  edition. 
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Rawitz  {Zeit.  tvlss.  Mile.,  1909,  pp.  393  and  395)  also  recommends 
a  solution  of  1  R.-m.  of  Saure-Alizarinblau  BB  (or  Sauregrun  G) 
(both  from  Hochst),  10  grms.  ammonia  ahnn,  100  e.c.  glycerin,  and 


100  c.c.  water.  ^ 

SziiTZ  {ibid.,  xxix,  1912,  p.  289)  fixes  in  a  mixti.ro  of  lo  c.c  1  per 
cent,  platinum  chloride,  15  c.c.  formol,  and  30  c.c.  saturated  solution  of 
sublimate,  makes  paraffin  sections,  and  stains  them  ^vlth  Heidenhain  s 
iron-ha3matoxylin.  They  are  then  treated  for  five  to  six  hours  with 
5  per  cent,  solution  of  aluminium  acetate,  rinsed,  and  stained  for  five 
to  six  hours  with  Benda's  sulphalizarinate  of  soda  (given  under  Mito- 
chondria "),  and  got  into  balsam.  A  red  plasma  stain,  affecting  plasma- 
SSs.  For  intra  vilam  stains  with  alizarin  see  §  208  (Fischel),  and 
NiLSSON,  Zool.  Am.,  xxxv,  1909,  p.  196. 


336.  For  Benda's  Alizarin  Stains,  K  e  under  "  Ceiitrosomes 
Mitochondria,"  and  "Neuroglia." 
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METHYLBN  BLUB. 

337.  Methylen  Blue  is  a  "  basic  "  dye,  being  the  chloride  or 
the  zinc  chloride  double  salt  of  tetramethylthionin.  It 
appears  that  some  persons  have  confounded  it  with  the 
"acid"  dye  methyl  blue,  to  which  it  has  not,  histologically, 
any  resemblance. 

Commercial  methylen  blue  sometimes  contains  as  an  im- 
purity a  small  quantity  of  a  reddish  dye,  which  used  to  be 
taken  to  be  methylen  red.  This  impurity  is  present  from 
the  beginnning  in  many  brands  of  methylen  blue,,  is 
frequently  developed  in  solutions  of  the  dye  that  have  been 
long  kept  (so-called  "  ripened "  solutions),  and  is  still  more 
frequently  found  in  kept  alkaline  solutions.  According  to 
NocHT  [Gentralh.  BaUerioL,  xxv,  1899,  pp.  764-769;  Zeit. 
luiss.  Mik.,  xvi,  1899,  p.  225)  it  is  not  methylen  red,  nor 
methylen  violet  eithei-,  but  a  new  colour,  for  which  Noght 
proposes  the  name  "  Roth  aus  Methylenblau." 

According  to  MiCH^LTS  [Gentralh.  Bakteriol.,  xxix,  1901, 
p.  763,  and  xxx,  1901,  p.  626  j  Zeit.  urns.  Mik.,  xviii,  1902, 
p.  305,  and  xix,  1902,  p.  68)  confirmed  later  by  Nocht,  Redter, 
and  GiEMSA,  this  dye  is  Meth^lenazur,  an  oxidation-product 
of  methylen  blue,  already  described  by  Bernthsen  in  1885. 
It  is  an  energetic  dye,  of  mai-kedly  metachromatic  action, 
and  to  it  are  due  the  metachromatic  effects  of  methylen  blue 
solutions  (methylen  blue  itself  is  not  metachromatic). 

The  presence  of  this  dye  as  an  impurity  in  methylen  blue 
is  not  always  an  undesirable  factor ;  on  the  contrary,  it 
sometimes  affords  differentiations  of  elements  of  tissues  or  of 
cells  that  cannot  be  produced  by  any  other  means.  Methylen 
blue  that  contains  it  is  known  as  polychrome  methylen  blue, 
and  is  employed  for  staining  certain  cell-granules,  Unna 
[Zeit.  wiss.  Mik.,  viii,  1892,  p.  483)  makes  this  as  follows : 
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A  solution  of  one  part  of  metliylen  blue  and  one  of  cavLonate 
of  potash  in  twenty  of  alcoliol  and  a  hundred  of  water  is 
evaporated  down  to  a  hundred  parts.  (It  may  be  used  at 
once,  or  after  diluting  with  an  equal  volume  of  anilin  water, 
for  sections,  which  after  staining  may  be  differentiated  with 
glycol,  creosol,  or  Unna's  glycerin-ether  mixture— all  of 
which,  as  well  as  the  polychrome  methylen  blue,  can  be 
obtained  from  Griibler  &  Hollborn.)  Micii^Lis  {op.  cit.) 
makes  it  as  follows  :  2  gr.  of  medicinal  methylen  blue  are 
dissolved  in  200  c.c.  of  water,  and  10  c.c.  of  -jV  normal  solu- 
tion of  caustic  soda  added.  Boil  for  a  quarter  of  an  hour;  after 
cooling  add  10  c.c.  of  yV  normal  sulphuric  acid,  and  filter. 

Methylenazur  is  isolated  from  methylen  blue  by  the  prolonged  action 
of  an  alkali  or  of  silver  oxide.  It  seems  also  that  it  is  formed  m  certam 
mixtures  of  methylen  blue  with eosiu  (Romanowsky,  Laveran,  Giemsa 
and  others),  by  means  of  the  eosin,  which  in  these  mixtures  acts  chenu- 
cally,  and  can  be  replaced  by  resorcin,hydroquinon,andthe  like.  It  is  best 
procured  from  Griibler  &  Hollborn,  who  supply  it  pure  as  "  Azur  i, 
and  mixed  with  an  equal  quantity  of  methylen  blue  as  "  Azui-  II.  bee 
further  as  to  this  dye  under  "  Stains  for  Blood." 

There  are  several  sorts  of  methylen  blue  sold,  the  most 
important  being— "  methylen  blue,  according  to  Ehelich"; 
"  methylen  blue,  according  to  Koch"  ;  "methylen  blue  BX, 
according  to  S.  Mayer"  ;  "  Methylenblau,  medic.  pur."_  _ 

The  colour  to  be  employed  for  intra-vitam  nerve  stmimig 
should  be  as  pure  as  possible.  Apathy  {Zeit.  tciss.  Mih.,  ix, 
1893,  p.  466)  writes  that  the  best— in  fact,  the  only  one  that 
will  give  exactly  the  results  described  by  him— is  that  of  E. 
Merck,  of  Darmstadt,  described  as  "  edu'Wiisc/us  Methylen- 
blau "  DoGiEL  [Eneycl.  milt.  Technih.,  1st  edition,  p.  811) 
has  had  his  best  results  with  "  Methylenblau  n.  Ehrlich,"  or 
"  BX,"  obtained  from  Griibler  &  Hollborn. 

338  The  Uses  of  Methylen  Blue.— As  a  histological  reagent 
it  is  used  for  sections  of  hardened  central  nervous  tissue,  m 
which  it  gives  a  specific  stain  of  medullated  nerves.  It 
gives  more  or  less  specific  stains  of  the  basophilous  granula- 
tions of  -  Mastzellen"  and  plasma-cells,  and  the  granules  of 
NissL  in  nerve-cells,  also  mucin.  It  is  much  "sed--in  the 
form  of  mixtures  affording  methylen  azur-m  the  study  ot 
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blood,  blood  parasites,  and  similar  objects.  For  all  ot'  these 
see  the  respective  sections  in  Part  II.  Fiirtlicrj  it  stains  a 
large  number  of  tissues  intra  vitam,  with  little  or  no  inter- 
ference with  their  vital  functions.  And  last,  not  least,  it  can 
be  made  to  furnish  stains  of  nerve  tissue,  intercellular  cement 
substances,  lymph  spaces,  and  the  like,  that  are  essentially 
identical  with  those  furnished  by  a  successful  impregnation 
with  gold  or  silver,  and  are  obtained  with  greater  ease  and 
certainty ;  with  this  difference,  howevei",  that  gold  stains  a 
larger  number  of  the  nervous  elements  that  are  present  in  a 
preparation,  sometimes  the  totality  of  theraj  whilst  methylen 
blue  stains  only  a  selection  of  them,  so  bringing  them  more 
prominently  before  the  eye,  and  allowing  them  to  be  traced 
for  greater  distances.  These  two  uses  form  the  subject  of 
this  chapter. 

339.  Staining  in  toto  during  Life. — Small  and  permeable 
aquatic  organisms  may  be  stained  during  life  by  adding  to 
the  water  in  which  they  are  confined  enough  methylen  blue 
to  give  it  a  very  light  tint.  After  a  time  they  will  be  found 
to  be  partially  stained — that  is,  it  will  be  found  that  certain 
tissues  have  taken  up  the  colour,  others  remaining  coloui-less. 
If  now  you  put  back  the  animals  into  the  tinted  water  and 
wait,  you  will  find  after  a  further  lapse  of  time  that  further 
groups  of  tissues  have  become  stained.  Thus  it  was  found 
by  Ehel]CH^(B2oZ.  Cevtralb.,  vi,  1886,  p.  214;  Ahh.  h.  Akad. 
Wiss.  Berlin,  February  25th,  1885)  that  on  injection  of  the 
colour  into  living  animals  axis-cylinders  of  sensory  nerves 
stain,  whilst  mutor  nerves  remain  colourless.  [The  motor 
nerves,  however,  will  also  stain,  though  later  than  the 
sensory  nerves.]  It  might  be  supposed  that  by  continuing 
the  staining  for  a  sufficient  time,  a  point  would  be  arrived 
at  at  which  all  the  tissues  would  be  found  to  be  stained. 
This,  however,  is  not  the  case.  It  is  always  found  that  the 
stained  tissues  only  keep  the  colour  that  they  have  taken  up 
for  a  short  time  after  they  have  attained  the  maximum 
degree  of  coloration  of  which  they  are  susceptible,  and  then 
begin  to  discharge  the  colour  even  more  quickly  than  they 
took  it  up.  According  to  Ehelich  this  decoloration  is 
explained  as  follows  :  methylen  blue,  on  contact  with  reduc- 
ing agents  in  alkaline  solution,  can  be  reduced  to  a  colourless 
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body,  its  "  leucobase."  Now  living  or  recently  dead  tissue 
elements  are,  or  may  be,  both  alkaline  and  very  greedy  of 
oxygen,  and  thus  act  on  the  dye  as  reducing  agents.  The 
leucobase  thus  formed  is  easily  reoxidised  into  methylen  blue 
by  oxidising  substances,  or  acids,  or  even  by  the  mere 
contact  of  air— which  latter  property  is  taken  advantage  of 
in  practice. 

It  follows  that  a  total  stain  of  all  the  tissues  of  a  hvmg 
intact  organism  can  hardly  be  obtained  under  these  con- 
ditions, but  that  a  specific  stain  of  one  group  or  another  of 
elements  may  be  obtained  in  one  of  two  ways.    If  the  tissue 
to  be  studied  be  one  that  stains  earlier  than  the  others,  it 
maybe  studied  during  life  at  the  period  at  which  it  alone 
has  attained  the  desired  intensity  of   coloration.    If  it  be 
one  that  stains  later  than  the  others,  it  may  be  studied  at 
the  period  at  which  the  earlier  stained  elements  have  already 
passed  their  point  of  maximum  coloration  and  have  become 
sufficiently  decoloured,  the  later  stained  ones  being  at  a 
point  of  desired  intensity.     Or  the  observer  may  fix  the 
stain  in  either  of  these  stages  and  preserve  it  for  leisurely 
study  by  means  of  one  of  the  processes  given  §  343. 

The  proper  strength  of  the  very  dilute  solutions  to  be 
employed  for  the  staining  of  living  organisms  must  be  made 
out  by  experiment  for  each  object.  I  think  the  tint  is 
.  practically  a  sufficient  guide,  but  it  may  be  stated  that  when 
in  doubt  a  strength  of  1  :  100,000  may  be  taken,  and  in- 
creased or  diminished  as  occasion  may  seem  to  require. 
ZOJA  (Rendic  B.  M.  Lomhardo,  xxv,  1892  ;  ZeU.  ^c^.s.  MiK 
ix,  1892,  p.  208)  finds  that  for  Hydra  the  right  strength  is 
from  1    20,000  to  1  :  10,000. 

The  stain  is  capricious.  It  is  not  possible  to  predict 
without  trial  which  tissues  will  stain  first  in  any  organism. 
The  stain  penetrates  very  badly,  which  is  no  doubt  one  cause 
of  its  caprioiousness.  Gland  cells  generally  s  ain  early ; 
then  in  no  definable  order,  other  epithelium  cells,  fat  cells, 
plasiia  cells,  "  Mastzellen,^'  blood  and  lymph  corpuscles, 
elastic  fibres,  smooth  muscle,  striated  muscle.  Ihere  aie 
other  elements  that  stain  in  the  living  state,  hut  not  when  the 
staining  is  performed  by  .imph  immerston  of  M  ammals 
in  a  dilute  staining  solution  in  the  manner  we  are  considering 
Chief  amongst  these  are  nerve-fihre.  and  ganghon-cells,  winch 
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remain  unstained  in  the  intact  oryanisvt.  To  got  these 
stained,  it  is  necessary  to  isolate  them  sufficiently,  as  explained 
in  the  following  sections. 

340.  Staining  Nervous  Tissue  during  Life. — It  was  made  out 
by  Ehrlich  [op.,  cit.,  last  §)  that  by  injecting  a  solution  of 
methylen  blue  into  the  vessels  or  tissues  of  living  animals 
and  shortly  afterwards  cutting  out  and  examining  small 
pieces  of  their  tissues,  these  will  be  found  to  be  intensely 
stained  in  some  of  their  elements  (chiefly  nervous).  If  the 
tissues  are  mounted  under  a  cover-glass,  the  stain  will  fade 
in  a  short  time  ;  but  if  the  cover-g-lass  be  removed,  so  that 
oxygen  can  have  access  to  the  tissues,  the  stain  will  be 
restored,  as  explained  last  §.  The  chief  elements  stained 
in  this  way  are  peripheral  nerves,  and  amongst  these  more 
especially  axis-cylinders  of  sensory  nerves. 

Ehrlich  held  that  the  stain  so  obtained  is  a  product  of  a 
vital  reaction  of  the  tissues,  and  that  it  cannot  be  obtained 
with  dead  material.  Dogiel,  however  {Arch.  mik.  Anut., 
XXXV,  1890,  pp.  305  et  seq.),  found  that  muscle  nerves  of 
limbs  of  the  frog  could  be  stained  as  much  as  from  three  to 
eight  days  after  the  limbs  had  been  removed  from  the  animal. 
He  concludes,  indeed,  that  the  reaction  shows  that  the  nerves 
were  still  living  at  that  time.  But  it  seems  more  natural  to 
conclude  with  Apathy  {Zeit.  wiss.  Mil:,  ix,  1892,  pp.  15 
et  s(q.)  that  norve-tissue  can  be  stained  after  life  has  ceased. 
Aj  'ATHY  has  directly  experimented  on  this  point,  and  sums  up 
the  necessary  conditions  as  follows  :  The  tissue  need  not  be 
living,  but  must  be  fresh  ;  nothing  must  have  been  extracted 
from  it  chemically,  and  its  natural  state  must  not  have  been 
essentially  changed  by  physical  means.  For  example,  the 
tissue  must  not  have  been  treated  with  even  dilute  glycerin, 
nor  with  alcohol,  though  a  treatment  for  a  short  time  with 
physiological  salt  solution  is  not  very  hurtful ;  it  must  not 
have  been  coagulated  by  heat.  Michailow  {ibid.,  xxvii, 
1910,  p.  7)  prefers  tissues  that  have  lain  from  one  and  a  half 
to  two  hours  after  the  death  of  the  subject  in  Ringer's  salt 
solution. 

As  above  explained,  the  primary  stain  obtained  by  injecting 
methylen  blue,  or  immersing  tissues  in  it,  only  lasts  a 
very  short  time.    In  order  to  get  it  to  last  long  enough  for 
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study,  it  must  be  re-blued  by  oxidation  (see  last  §).  It  is 
therefore  the  usual  practice  to  dissect  out  the  tissues  to  be 
examined,  and  leave  them  for  some  time  exposed  to  the  air. 
This  is  done  in  order  that  they  may  take  up  from  the  air 
the  necessary  oxygen.  Another  consideration  that  justifies 
the  practice  is  that  by  exposure  to  air  the  preparations  take 
up  a  trace  of  ammonia,  and  Apathy  has  experimentally 
established  that  this  is  an  important  factor  in  the  sharpness 
of  the  stain.  Bhrlich  also  {op.  cil.)  holds  that  an  alkaline 
reaction  of  the  tissues  is  a  necessary  condition  to  the  stain. 
Apathy  further  holds  that  the  stain  is  a  regressive  one,  easily 
washed  out  by  the  surrounding  liquid;  and  in  order  to 
prevent  this  washing-out  being  excessively  rapid,  it  is 
desirable  to  have  it  go  on  in  presence  of  as  little  liquid  as 
possible. 

341.  The  Modes  of  Staining.— The  practice  of  the  earlier 
workers  at  this  subject  was  (following  Ehelich)  to  inject 
methylen  blue  into  the  vascular  system  or  body-cavity  of  a 
living  animal,  wait  a  sufficient  time,  then  remove  the  organ 
for  further  preparation  and  study.     And  there  appears  to 
have  been  a  belief  with  some  workers  that  it  was  essential 
that  the  stain  should  have  been  brought  about  by  injection 
of  the  colouring  matter  into  the  entire  animal.    It  is  now 
known  that  the  reaction  can  often  be  equally  well  obtained 
by  removing  an  organ  and  subjecting  it  to  a  hath  of  the 
colouring  matter  in  the  usual  way.    But  in  some  cases  it 
seems  that  injection  is  preferable,  if  not  necessary. 

342  The  Solutions  employed.- The  solutions  used  for  injec- 
tion are  generally  made  in  salt  solution  (physiological,  or  a 
little  weaker)  ;  those  for  staining  by  immersion,  either  m 
salt  solution  or  other  "indifferent"  liquid,  or  in  pure  water. 
The  earlier  workers  generally  took  concentrated  solutions 
Thus  Arnstein  {Anat.  Anz.,  1887,  p.  125)  injected  1  c c  of 
saturated  ('i.  e.  about  4  per  cent.)  solution  into  the  vena  cutanea 
magna  of  frogs,  and  removed  the  organ  to  be  "^yestigated 
after  the  lapse  of  an  hour.  Biedermann  {Stt.h.  Ahad.  W^ss. 
Wien,  Math.  Nat.  Gl,  1888,  p.  8)  injected  O'S  to  1  o.c.  ot  a 
nearly  saturated  solution  in  0-6  per  cent,  sa  t  solution  into 
the  thorax  of  crayfishes,  and  left  the  animals  for  from  two 
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to  four  lioui'S  before  killing  them.  S.  Mayer  (Zeit.  wist!. 
Mih.,  vi,  1889;  p.  423)  took  a  strengtli  of  1  :  300  or  400  of 
0'5  per  cent,  salt  solution.  The  solutions  of  Retzius  are 
of  the  same  strength.  But  the  tendency  of  more  recent 
practice  is  decidedly  towards  the  employment  of  weaker 
solutions.  Apathy  (ibid.,  ix,  1892,  pp.  25,  26  et  .icq.)  finds 
that  it  is  not  only  superfluous,  but  positively  disadvantageous, 
to  take  solutions  strong-er  than  1  :  1000.  Doqiel  (Encycl. 
Mih.  Technik.,  1st  ed.,  p.  815)  recommends  g  to  ^  per  cent., 
or  at  most  ^  per  cent.  For  warm-blooded  animals  the  solution 
should  be  warmed  to  36°  or  37°  C,  and  before  sending  in 
the  injection  the  blood-vessels  should  be  well  washed  out 
with  similarly  warmed  salt  solution.  The  injected  organs 
may  be  removed  after  20  to  30  minutes.  They  should  be 
placed  on  a  thin  layer  of  spun  glass  moistened  with  weak 
(I  to  -jig-  per  cent.)  methylen  blue,  or  simply  spread  out  on  a 
slide,  and  the  whole  placed  in  a  Petri  dish  with  a  layer  of 
the  methylen  blue  on  the  bottom.  The  dish  is  best  placed 
in  a  stove  at  36°  C,  and  after  15  to  30  minutes  (if  the  pieces 
are  thin)  or  1  hour  to  1^  hours  (if  they  are  thick)  specimens 
may  be  removed  for  examination  or  preservation  ;  or,  without 
using  the  stove,  specimens  may  be  removed  10  to  20  minutes 
after  injection,  placed  on  a  slide,  and  moistened  with  weak 
methylen  blue  or  salt  solution,  and  brought  under  the 
microscope.  Then  as  soon  as  the  stain  is  sufficiently  brought 
out  (40  to  60  minutes)  they  may  be  fixed  (§  343). 

For  staining  hy  immersion  the  solutions  should,  if  anything, 
be  still  weaker.  Dogiel  (Arch.  mih.  Anat.,  xxxv,  1890,  p. 
305)  places  objects  in  a  few  drops  of  aqueous  or  vitreous 
humour,  to  which  are  added  two  or  three  drops  of  a  y-g  to  -^f 
per  cent,  solution  of  methylen  blue  in  physiological  (0'75  per 
cent.)  salt  solution,  and  exposes  them  therein  to  the  air.  In 
thin  pieces  of  tissues  the  stain  begins  to  take  effect  in  five  or 
ten  minutes,  and  attains  its  maximum  in  from  fifteen  to 
twenty  minutes.  For  thicker  specimens — retina,  for  instance 
— several  hours  may  be  necessary.  The  reaction  is  quickened 
by  putting  the  preparations  into  a  stove  kept  at  30°  to  35°  C. 
EouQET  [Gompt.  Bend.,  1893,  p.  802)  employed  a  0-05  per 
cent,  solution  in  0-6  per  cent,  solution  (for  muscles  of  Batra- 
chia).  Allen  {Quart.  Journ.  Micr.  Sci.,  1894,  pp.  461,  483) 
takes  for  embryos  of  the  lobster  a  solution  of  0*1  per  cent,  in 
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0-75  per  cent,  salt  solution,  and  dilutes  it  witli  15  to  20 
volumes  of  soa-watev.  Sisidenmann  [Zeit.  wis-s.  Mik.,  xvn, 
1900,  p.  239)  takes  for  the  choroid  a  solution  of  0-02  per  cent, 
in  0-5  per  cent,  salt  solution.  Lavdowsky  {ibid.,  xn,  1895, 
p  177)  takes  tV  to  i  per  cent,  in  white  of  egg,  or  serum, 
similarly  Yoong  ^bvJ.,  xv,  1898,  p.  253).-  Michailow 
xxvii,  1910,  p.  10)  takes  J-  to  ^  P^v  cent,  in  Ringer  s  salt 
solution  (for  nerves  of  Mammals). 

ApAthy  {Zeit.  wiss.  Mik.,  ix,  189.',  p.  15  ;  see  also  his 
Mikrotechnik,  p.  172)  proceeds  as  follows  for  Hirudmea  and 
other  invertebrates.     A  portion  of  the  ventral  cord  is  ex- 
posed, or  dissected  out.     If  it  be  desired  to  stnm  as  many 
^ano-lion  cells  as  possible,  as  well  as  fibres,  the  lateral  nerves, 
ts  well  as  the  connectives,  should  be  cut  through  near  a 
ganglion.    The  preparation  is  then  treated  with  the  stain 
This  is  for  the  demonstration  chiefly  of  fibres  m  Hirudo  and 
Fontohdella,  either  a  1  :  lOUO  solution  in  0-5  to  O'^S  Per  cent 
salt  solution,  allowed  to  act  for  ten  minutes  5  or  a  1  :  10.000 
solution  allowed  to  act  for  an  hour  to  an  hour  and  a  ha  t ;  or 
a  1  •  100  000  solution  allowed  to  act  for  three  hours  [Lim- 
'hricus  requires  twice  these  times;  Astacus  and  Umo  i-equire 
three  times  ;  medullated  nerves  of  vertebrates  four  times) , 
For  the  demonstration  of  ganglion  cells  the  stam  is  allowed 
to  act  three  or  four  times  as  long. 

The  preparations  from  the  1  :  1000  solution  are  th  n 
washed  in  salt  solution  for  an  hour  ;  those  from  the  1  :  10,000 
solution  for  a  quarter  of  an  hour;  those  from  the  1  :  100,000 
0  u  ion  need  Lt  be  washed  at  all.  They  are  then  treated 
wTth  one  of  the  ammoniacal  fixing  and  differentiating  liquids 
described  in  §  343.  This  is  done  by  pouring  the  liquid  over 
them,  and  leaving  them  in  it  without  moving  th.n  about  ^n  ^t 
for  at  least  an  hour,  and  by  preference  m  the  dark.  Ihe 
further  treatment  is  as  described  m  §  343  _ 

The  object  of  the  ammonia  in  these  liqmds  is  to  d^ffe,. 
f  w!  the  stain-to  produce  an  artificial  "  secondary  diffe- 
::::;:W"     B  acts'by  washing  out  tl.  absorbed  colour 
from  certain  elements,  others  resisting  longer 

See  for  Hirudinea,  Sanchez,  in  Trab.  Lab  Invest. 

B^r^  Madrid,  vii,  1909,  fasc.  1-4,  or  f;'' 

•   IQIO  n  393  (iniection  of  solutions  of  0-2,  O'l,  or  0  0.) 
;:rcent.,  ;^h  furLi  treatment  as  Ap.thy  or  Bethe). 
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343.  Fixation  of  the  Stain. — 'J'hc  stain  obtained  by  any  of 
these  methods  may  be  fixed,  and  more  oi*  less  permanent 
preparations  be  made  by  one  or  other  of  the  following 
methods  : 

Arnstein  {Anat.  Anz.,  1837,  p.  551)  puts  the  tissue  for 
half  an  hour  into  saturated  aqueous  solution  of  picrate  of 
ammonia. 

S.  Mayer  {Zeit.  tviss.  Mile,  vi,  1889,  p.  422)  preferred  a 
mixture  of  equal  parts  of  glycerine  and  satui'ated  picrate  of 
ammonia  solution,  which  served  to  fix  the  colour  and  mount  the 
preparations  in.  This  was  also  in  princijole  the  method  of 
Retzids  [Intern.  Monatschr.  Anat.  Phy.--:,  vii,  1890,  p.  328). 

DoGiEL  [Encyd.  mik.  Techn.,  ii,  p.  105)  puts  for  2  to  24 
hours  into  saturated  aqueous  picrate  of  ammonia,  and  then 
into  equal  parts  of  glycerin  and  the  picrate  solution.  (Thin 
membranes,  and  the  like,  may  be  fixed  with  1  or  2  per 
cent,  of  2  per  cent,  osmic  acid  solution  added  to  the  picrate 
solution  and  stained  with  picro-carmine  before  putting  into 
the  glycerin  mixture.) 

Other  workers  have  employed  saturated  solution  of 
iodine  in  iodide  of  potassium  (so  Arnstein)  or  picro-carmine 
(so  Feist,  Arch.  Anat.  Entivichel,  1890,  p.  116;  cf.  Zeit. 
iciss.  Mile,  vii,  1890,  p.  231),  the  latter  having  the  advan- 
tage of  preserving  the  true  blue  of  the  stain  if  it  be 
not  allowed  to  act  too  long,  and  the  preparation  be  mounted 
in  pure  glycerin. 

Picric  acid  has  been  used  by  Lavdowskt,  but  this  after 
careful  study  is  rejected  by  Dogiel. 

Apathy  [op.  cit.,  §  342)  brings  preparations  either  into  a 
concentrated  aqueous  solution  of  picrate  of  ammonia  free 
from  picric  acid,  and  containing  five  drops  of  concentrated 
ammonia  for  every  100  c.c. ;  or,  which  is  generally  prefer- 
able, into  a  1  to  2  per  cent,  freshly  prepared  solution 
of  neutral  carbonate  of  ammonia  saturated  with  picrate. 
They  remain  in  either  of  these  solutions,  preferably  in  the 
dark,  for  at  least  an  hour.  They  are  then  brought  into 
a  small  quantity  of  saturated  solution  of  picrate  of  ammonia 
m  50  per  cent,  glycerin,  where  they  remain  until  thoroughly 
saturated.  They  are  then  removed  into  a  saturated  solution 
of  the  picrate  in  a  mixture  of  2  parts  50  per  cent,  glycerin, 
1  part  cold  saturated  sugar  solution,  and  1  part  similarly 
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prepared  giim-arabic  solution.  When  thorouglily  penetrated 
with  this  they  are  removed  and  mounted  in  the  following 
gum-syrup  medium  {loc.  cit.,  p.  37)  : 

Picked  gum-arabic     .        .        .     50  grms. 
Cane-sugar  (not  candied)    .         ,     50  „ 
Distilled  water  .        .        ■        •    50  „ 

Dissolve  over  a  water-bath  and   add  0*05  grm.  thymol. 
(This  mounting  medium  sets  quickly  and  as  hard  as  balsam, 
so  that  no  cementing  of  the  mounts  is  necessary.  Farrants' 
medium  [with  omission  of  the  arsenious  acid]  will  also  do. 
In  neither  case  should  either  ammonium  picrate  or  methylen 
blue  be  added  to  the  medium.)     Preparations  that  have 
been  ftdly  differentiated  (§  342)  do  not  keep  more  than 
a  few  weeks  ;  whilst  those  in  which  the  differentiation  has 
not  been  carried  to  the  point  of  thorough  tinctorial  isolation 
of  the  neuro-fibrils  have  kept  for  five  or  six  years  (Apathy, 
Mitth.  Zool.  Stat.  Neapel,  xii,  1897,  p.  712). 

Pleschko  {Avat.  Anz.,  xiii,  1897,  p.  16)  fixes  with  picrate, 

and  then  puts  into  10  per  cent,  formol  for  a  few  days 

The  methods   described  next  §  are  also   available  tor 

material  not  destined  to  be  sectioned. 

344  Methods  for  Seetions.-The  preceding  methods  do  not 
give  preparations  that  will  resist  the  operations  necessary 
for  imbedding  in  paraffin  or  mounting  in  balsam.  A  strong 
solution  of  platinum  chloride  is  said  to  do  this  (see  Feist, 
Arch.  Anat.  Entw.,  1890,  p.  116),  but  the  preparations  are 

not  very  satisfactory.  ,    .      .      ■,  or>o 

For  the  earlier  method  of  Pahkee  {Zool.  Anze^g.,  1892,  p. 
375)  with  methylal  see  early  editions.    Later  [Mitth.  Zool. 

Stat.  Neapel,  xii,  1895,  p.  4)  he  f  f  tl^^/^f^^.^^-f  l^" 
drating  the  objects  in  successive  alcohols  ot  60,  bU,  /u,  yo, 
and  100  per  cent,  strength,  each  containing  8  per  cent,  ot 
corrosive  sublimate,  then  brings  them  into  a  mixture  of  the 
last  with  an  equal  volume  of  xylol,  and  lastly  mto  pure 

Fm-  the  earlier  method  of  Bethe  {Arch.  tnih.  Anat.,  xliv, 
1894  V  585),  see  last  edition. 

Beta's  later  method  {Anat.  Anz.,  xii,  1896,  p.  438)  is  as 
follows  :  After  staining,  pieces  of   tissue  of  2  to  3  mm. 
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thickness  are  treated  for  ten  to  fifteen  minutes  with  a  con- 
centrated aquootis  solution  of  picrate  of  ammonia  and  then 
brought  into  a  solution  of  1  gnn.  of  molybdate  of  ammonium^ 
either  in  20  of  water^  or  in  10  of  water  and  10  of  0  5  per 
cent,  osmic  acid  or  2  per  cent,  chromic  acid  ;  or  into  a 
solution  of  phosphomolybdate  of  sodium  in  the  same  propor- 
tions, each  of  these  solutions  having  added  to  it  1  drop 'of 
hydrochloric  acid,  and  if  desired  1  grm.  of  peroxide  of 
hydrogen.  They  remain  in  one  of  these  solutions  for  three 
quarters  to  one  hour  (or  from  four  hours  to  twelve  in  the 
osmic  acid  one),  and  are  then  passed  through  water,  alcohol, 
xylol,  balsam,  or  paraffin.  (The  objects  that  have  been 
treated  with  one  of  the  solutions  of  the  sodium  salt  are  not 
thoroughly  resistant  to  alcohol,  so  that  for  them  it  is  well 
to  cool  the  alcohol  to  under  15°  C.)  Sections  may  be  after- 
stained  with  alum  carmine,  or  "  neutral  "  tar  colours. 

Slight  modifications  of  this  method  are  given  by  Dogiel 
{Arch.  viik.  Anal.,  xlix,  1897;  p.  772;  liii,  1898,  p.  237; 
Zeit.  wiss.  Zool,  Ixvi,  1899,  p.  361 ;  and  Eiicycl.  mik.  Technih, 
1903,  p.  825,  and  1910,  p.  108).  He  omits  the  peroxide, 
the  hydrochloric  acid,  and  the  cooling.  Bethe  {Zeit.  icus. 
Mil.,  xvii,  1900,  p.  21)  does  not  approve  of  these  modifications. 

Further  modifications  of  the  molybdenum  method  have 
been  published  by  LEONTbwiTSCH  {Intern.  Monatsschr.  Anat., 
xviii,  1901,  p.  142). 

MicHAiLow  {Zeit.  wiss.  Mil.,  xxvii,  1910,  p.  19)  adds  to 
8  per  cent,  solution  of  molybdate  O'S  per  cent,  of  formalin, 
leaves  the  objects  in  a  large  quantity  of  it  (filtered)  for  24 
hours  at  37°  C,  washes  with  warm  water,  and  passes  through 
alcohol  and  xylol  into  xylol-damar  (not  balsam) . 

See  also  Schmidt  {Arch.  Ges.  Phijs.,  ciii,  1906,  p.  522). 

Harris  {Philadelphia  Medical  Joiirii.,  May  14th_,  1898), 
after  staining,  rinses  with  water,  and  brings  into  a  saturated 
solution  of  either  ferrocyanide  or  ferricyanide  of  potassium 
which  has  been  cooled  to  within  a  few  degrees  of  zero 
(a  trace  of  osmic  acid  may  be  added  to  prevent  macera- 
tion). They  remain  therein  for  three  to  twenty-four 
hours,  and  are  then  washed  in  distilled  water  for  an  hour, 
and  are  dehydrated  in  absolute  alcohol  kept  at  a  low 
temperature,  cleared  in  xylol  or  cedar  oil,  and  imbedded  in 
paraffin. 

14 
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345  Impregflatiou  of  Epithelia,  Lymph-spaces,  etc.  (Doqiel, 
Arch.'viih.  Anal.,  xxxiii,  1889,  p.  440  d  seg.)-— Suitable  pieces 
of  tissue  (thin  membrane  by  preference)  are  brought  tresh 
into  a  4  per  cent,  solution  of  methylen  blue  in  physiological 
salt  solution  (in  the  Encyd.  viih.  Technih,  19L>3   p.  827, 
DoRiel  gives  the  strength  of  the  methylen  blue  as  ^  to  1  per 
cent )     After  a  few  minutes  therein  they  are  brought  into 
saturated  solution  of  picrate  of  ammonia,  soaked  therein  for 
half  an  hour  or  more,  then  washed  in  fresh  picrate  of 
ammonia  solution,  and  examined  in  dilute  glycerin. 

If  it  be  wished  only  to  demonstrate  the  outlines  of  endo- 
thelium cells,  the  bath  in  the  stain  should  be  a  short  one,  not 
lono^er  than  ten  minutes  in  general ;  whilst  if  it  be  desired  to 
obtain  an  impregnation  of  ground-substance  of  tissue,  so  as 
to  have  a  negative  image  of  juice  canals  or  other  spaces,  the 
staining  should  be  prolonged  to  fifteen  or  thirty  minutes 

If  it  be  desired  to  preserve  the  preparations  permanently, 
they  had  better  be  mounted  in  glycerin  saturated  with  picrate 
of  ammonia,  or  {Encycl,  1910,  ii,  p.  HO)  fixed  with  ammonium 
molybdate  and  a  trace  of  osmium. 

The  effect  is  practically  identical  (except  as  regards  the 
colour)  with  that  of  a  negative  imirreynahon  with  silver 

S^Mayee  iZeit.  wiss.  Mih,  vi,  1889,  p.  422)  stains  tissues 
for  about  ten  minutes  in  a  1  :  300  or  400  solution  of  methylen 
blue  in  0-5  per  cent,  salt  solution,  rinses  in  salt  solution,  and 
puts  up  in  the  glycerin-picrate  of  ammonia  mixture  given 
&  343  The  images  are  generally  positive  after  injection  of 
the  colour  into  the  vascular  system;  negative  after  immersion 

of  the  tissues.  •  4.„„ 

Tmo.EJEW  {Anat.  An..,  xxxv,  1909,  p.  296)  mipregnat  s 
for  15  to  20  minutes  in  a  solution  of  1  :  3000  or  4000  strength 
fixes  with  a  very  weak  solution  of  ammonium  picrate  in  salt 
solution,  and  puts  up  m  a  mixture  of  50  c.c.  gVcenn  50  c.c 
water,  and  35  c.c.  saturated  solution  of  the  picrate  :  oi  fixe 
with  ammonium  molybdate  of  8  per  cent,  and  mounts  m 
balsam. 

346.  Toluidin  Blue  or  Thionin  as  succedanea  of  ;;^^thy)^;" 
blue-HAiuus  {Philadephia  Med.  Jonrn.,  May  14th,  1898 
hrfound  that  there  IS  no  reaction  of  methylen  blue  that 
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cannot  be  equally  well  obtained  with  tolaidin  blue  or  tliionin. 
For  staining  pieces  of  tissue  lie  takes  : 

Toluidin  blue,  0*1  per  cent.  sol.  in  phy- 
siological salt  solution      .        .        .2  parts 
Arumoniuni   chloride  0'25  per  cent,  in 

water  1  part 

Egg  albumen     .        .        .        .        .  1 
For  injections  he  uses  1  part  of  the  dye  to  1000  of  physio- 
logical salt  solution. 

Any  of  the  methylen  blue  fixing  methods  may  be  employed 
and  the  whole  technique  is  the  same. 

L.  Martinotti  {Zeil.  wiss.  Mile,  xxvii,  1910,  p.  24) 
recommends  a  'polychrome  toluidin  blue,  made  by  adding  0-5 
per  cent,  of  lithium  carbonate  to  a  1  per  cent,  solution  of  the 
dye  and  keeping  till  a  purple-red  tone  appears.  Or,  a  stock 
solution  made  of  1  grm.  toluidin  blue,  O'O  grm.  lithium 
carbonate,  glycerin  20  grms.,  alcohol  5  grms.,  and  water  75. 
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MllTALLlC  STAINS   (fMPllEGNATION  METHODS). 

347.  The  Characters  of  Impregnation  Stains.— By  impregna- 
tion is  understood  a  mode  o!  coloration  in  which  a  colouring 
matter  is  deposited  in  tissues  in  the  form  of  a  prectpitate— 
the  impregnated  elements  becoming  in  consequence  opaque 
By  staining,  on  the  other  hand,  is  understood  a  mode  ot 
coloration  in  which  the  colouring  matter  is  retanied  by  the 
tissues  as  if  in  a  state  of  solution,  showing  no  visible  solid 
particles  under  the  microscope,  the  stained  elements  remaimng 
in  consequence  transparent.     But  it  is  not  right  to  dmw  a 
hard  and  fast  line  between  the  two  kinds  of  coloration,  borne 
of  the  metallic  salts  treated  of  in  this  chapter  give,  besides 
an  impregnation,  in  some  cases  a  true  stain.     And  some  ot 
the  dyes  that  have  been  treated  of  in  the  preceding  chapters 
give,  besides  a  stain,  a  true  impregnation.     Methylen  blue, 
for  instance,  will  give  in  one  and  the  same  preparation  an 
impregnation- and  a  stain  ;  and  in  most  gold  chloride  prepara- 
tions the  coloration  is  in  places  of  the  nature  of  a  finely 
divided  solid  deposit,  in  others  a  perfectly  transparent  stain. 

348  Negative  and  Positive  Impregnations.— In  a  negative 
impregnation  intercellular  substances  alone  are  coloured,  tlie 
cells  themselves  remaining  colourless  or  very  lightly  tinted. 
In  a  positive  impregnation  the  cells  are  stained  and  he  inter- 
cellular spaces  are  unstained.  (A  directly  contrary  statement, 
made  in  a  recent  Lehrbuch,  is  erroneous.) 

Negative  impregnation  is  generally  held  to  he  primary  because  brought 
ab!ut"fy  th  dlect  reductic^i  of  a  metal  in  the  interceUular  slices ;  pos  - 
te  Lpreg-ti-  to  be  secondary  (in  the  case  of  ^^J^^^'f^^f^^^:^, 
because  it  is  brought  about  by  the  solution  m  the  hqmds  of  the  tissues 
ortrmet:ilic  deposit  formed  by  a  primary  impregnation,  and  the  con- 
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sequent  staining  of  the  cells  by  the  new  solution  of  metallic  salt  thus 
formed.  These  secondary  impregnations  takes  place  when  the  reduction 
of  the  metal  in  the  jjrimary  impregnation  is  not  sufficiently  energetic 
(see  on  these  points  His,  Schweizer  Zuit.  Heillc,  ii,  Heft  1,  p.  1 ;  Gierke, 
Zeit.  iviss.  Mile.,  i,  p.  393  ;  Ranviee,  Traile,  p.  107). 

As  to  the  nature  of  the  black  or  brown  deposit  or  stain  formed  in 
the  intercellular  spaces  in  cases  of  primary  impregnation  see  Schwalbe, 
Arch.  mile.  Anat.,  vi,  1870,  p.  5  ;  Gierke's  Furberei  zu  mikroskopischen 
Zwechen,  in  vols,  i  and  ii  of  Zeit.  wiss.  Mih. ;  Joseph,  Silzh.  Ahad.  Witis. 
Berlin,  1888 ;  Zeit.  iviss.  Mile,  xi,  1,  1894,  p.  42  et  seq.  It  evidently 
cannot  consist  of  metallic  silver,  as  it  is  soluble  in  hyposulphite  of  soda. 
See  also  Macallum,  Proc.  Boy.  Soc,  Ixxvi,  1905,  p.  217,  and  Achard 
and  Reynaud,  C.  B.  Soc.  Biol,  Ixi,  1906,  p.  43 

349.  Action  of  Light  on  Solutions  of  Metallic  Salts. — Stock 
solutions  of  metallic  salts  are  generally  kept  in  the  dark,  or 
at  least  in  coloured  bottles,  under  the  belief  that  exposure  to 
light  reduces  them.  It  has  been  pointed  out  in  §  35  that  in 
the  case  of  osniic  acid,  not  light,  but  dust  is  the  reducing 
agent,  and  that  solutions  may  be  exposed  to  light  with 
impunity  if  dust  be  absolutely  denied  access  to  them.  I 
have  now  good  evidence  to  the  effect  that  the  same  is  the 
case  with  other  metallic  solutions ;  and  tlie  point  is  raised 
whether  such  solutions  are  not  positively  improved  for  im- 
pregnation purposes  by  exposure  to  light !  Dr.  Lindsay 
Johnson  writes  me  as  follows  : 

"  One  may  (I  find  by  experiment)  state  as  a  rule  without 
exception  that  all  the  solutions  of  the  chlorides  and  nitrates 
of  the  metals  will  keep  indefinitely  in  clean  white  stoppered 
bottles  in  the  sunlight  ;  and  as  far  as  osmium,  uranium,  gold 
and  silver,  and  platinum  are  concerned,  actually  improve  or 
ripen  by  a  good  sunning.  All  photographers  tell  me  their 
papers  salt  more  evenly  by  old  well-sunned  silver  nitrate 
than  by  a  fresh  solution  kept  in  the  dark  ;  and  I  go  so  far 
as  to  say  that  this  is  one  of  the  reasons  why  gold  stains  are 
so  unsati.sfactory." 

Apathy  {Milt.  Zool.  8tat^  Nccqjcl,  xii,  1897,  p.  722)  leaves 
his  gold  solutions  exposed  to  light,  so  long  as  there  are  no 
tissues  in  them. 

350.  State  cf  the  Tissues  to  be  Impregnated. — The  majority  of 
stains  given  by  dyes  are  only  obtained  with  tissues  that  have 
been  changed  in  their  composition  by  the  action  of  fixing  and 
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preservative  recageiits.  With  metallic  impregnations  the  case 
is  different ;  perfectly /resTi  tissues— that  is,  such  as  are  either 
living,  or  at  all  events  have  not  been  treated  by  any  reagent 
whatever— will  also  impregnate  Avith  the  greatest  ease  and 
precision.  Indeed,  some  impregnations  will  not  succeed  at 
all  with'  tissues  that  are  not  fresh  in  the  sense  above 
explained. 

8ilver. 

351.  Silver  Nitrate:   Generalities.— The  principles  of  its 
employment  are  given  by  Ranvier    {Traite,  p.   105)  as 

follows  :  .       1  .  •  • 

Silver  nitrate  may  be  employed  either  in  solution  or  m 
the  solid  state.     The  latter  method  is  useful  for  the  study 
of  the  cornea  and  of  fibrous  tissues,  but  is  not  suitable  for 
epithelia.     For  the  cornea,  for  instance,  proceed  as  follows  : 
The  eye  having  been  removed,  a  piece  of  silver  nitrate  is 
quickly  rubbed  over  the  anterior  surface  of  the  cornea,  which 
is  then  detached  and  placed  in  distilled  water;  it  is  then 
brushed  with  a  camel's  hair  brush  in  order  to  remove  the 
epithelium.    The  cornea  is  then  exposed  to  the  action  of 
light     It  will  be  found  that  the  nitrate  has  traversed  the 
epithelium  and  soaked  into  the  fibrous  tissue,  on  the  surface 
of  which  it  is  reduced  by  the  light.    The  cells  of  the  tissues 
will  be  found  unstained.  . 

It  is  generally  employed  in  solution,  in  the  following 
manner  •  In  the  case  of  a  membrane,  such  as  the  epiploon, 
bhe  membrane  must  be  stretched  like  a  drum-head  over  a 
porcelain  dish,*  and  cashed  first  with  distilled  watei-^  and 
fhen  washed"with  a  solution  of  silver  nitrate      In  order  o 
obtain  a  powerful  stain  it  is  necessary  that  this  part  oi  the 
operation  be  performed  in  direct  sunlight,  or  at  least  m  a 
very  brilliant  light.    As  soon  as  the  tissue  has  begun  to 
turn  of  a  blackish  grey  the  membrane  is  removed,  washed 

*  The  Hoggans  Histological  Kings  will  he  found  mncli  more  con- 
venient The?  are  vulcanite  rings  made  in  pairs,  in  which  one  z.ng  jus 
IZ^^o  the  other  so  as  to  clip  and  stretch  pieces  of  memhrane  hetween 
S  r    Twlm  be  found  lescribed  and  figured  in  ^onr^u^V-^^ 
••  1870  1.  S^7  and  in  Eobin's  Joimi.  dc  I'Anat,  18/9,  p.  o4. 

*»trot  B„se  *  Wa,,e.,  42,  KiA,  St«e,,  Hat.on 

Garden,  London,  E.G. 
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in  distilled  water,  and  vvmnted  on  a  slide  in  some  suitable 
examination  medium. 

If  the  membrane  were  left  in  the  water  the  cells  would 
become  detached,  and  would  not  be  found  in  the  finished 
preparation. 

If  the  membrane  had  not  been  stretched  as  directed  the 
silver  would  be  precipitated  not  only  in  the  intercellular 
spaces,  but  in  all  the  small  folds  of  the  surface. 

If  the  membrane  had  not  been  washed  with  distilled  water 
before  impregnation  there  would  have  been  formed  a  deposit 
of  silver  on  every  spot  on  which  a  portion  of  an  albuminate 
was  present,  and  these  deposits  might  easily  be  mistaken  for 
a  normal  structure  of  the  tissue.  It  is  thus  that  impurities 
in  the  specimen  have  been  described  as  stomata  of  the  tissue. 

If  the  solution  be  taken  too  weak — for  instance,  1  :  500  or 
1  :  1000,  or  if  the  light  be  not  brilliant — a  general  instead'of 
an  interstitial  stain  will  result ;  nuclei  will  be  most  stained, 
then  protoplasm,  and  the  intercellular  substance  will  contain 
but  very  little  silver.  In  general  in  a  good  "  impregnation  " 
the  contents  of  the  cells,  and  especially  nuclei,  are  quite  in- 
visible. 

The  tissues  should  be  constantly  agitated  in  the  silver- 
bath  in  order  to  avoid  the  formation  on  their  surfaces  of 
deposits  of  chlorides  and  albuminates  of  silver. 

These  impregnations  only  succeed  with  fresh  tissues. 

352.  Silver  Nitrate  :  the  Solutions  to  be  employed  (Eanviee)  . 
— The  solutions  generally  employed  by  Banvier  vary  in 
strength  from  1  :  300  to  1  :  500.  Thus  1  :  800  is  used  for  the 
epiploon,  pulmonary  endothelium,  cartilage,  tendon  ;  whilst 
a  strength  of  1  :  500  is  employed  for  the  phrenic  centre,  and 
the  epithelium  of  the  intestine.  For  the  endothelium  of 
blood-vessels  (by  injection)  solutions  of  1  :  500  to  1  :  800 
are  taken. 

M.  Duval  [Frecis,  p.  229)  takes  solutions  of  1,  2,  or  at 
most  3  per  cent. 

V.  Recklinghausen  used,  for  the  cornea,  a  strength  of  from 
1  :  400  to  1  :  500  [Die  Lymphgejasse,  etc.,  Berlin,  1862,  p.  5). 

RoBiNSKi  [Arch,  de  Physiol.,  1869,  p.  451)  used  solutions 
varying  between  0"1  and  0"2  per  cent.,  which  he  allowed  to 
act  for  thirty  seconds. 
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RouGET  {Arch,  de  Physiol,  1873,  p.  003)  employed  solutions 
as  weak  as  1  :  750,  or  oven  1  ;  1000,  exposing  tlie  tissues  to 
their  action  several  times  over,  and  washing  them  with  water 
after  each  bath. 

The  HuRTWiGS  take,  for  marine  animals,  a  1  per  cent, 
solution  [Jen.  Zeit.  Natiirlc,  xvi,  pp.  313  and  324). 

The  HoGGANS  {Jotorn.  of  Anal,  and  Physiol,  xv,  1881, 
p.  477)  take  for  lymphatics  a  1  per  cent,  solution. 

TouRNEUX  andHEERMANN  (Robin's  Joumal  de  I'Anat.,  1876, 
p.  200)  took  for  the  epithelia  of  Invertebrates  3  :  1000,  and 
in  some  cases  weaker  solutions,— for  one  hour,  washing  out 
with  alcohol  of  90  per  cent. 

HoYER  {Arch.  mile.  Anat.,  1876,  p.  619)  takes  a  solution  of 
nitrate  of  silver,  and  adds  ammonia  to  it  until  the  precipitate 
that  is  formed  just  redissolves,  then  dilutes  the  solution  until 
it  X contains  from  0-75  to  0-50  per  cent,  of  the  salt.  This 
ammonio-nitrate  solution  has  the  advantage  of  impregnating 
absokitely  nothing  but  endothelium  or  epithelium  ;  connective 
tissue  is  not  affected  by  it. 

■  Ranvier's  injection-mass  for  impregnating  endothelium  is 
given  under  "  Injection." 

Dekhuysen  {Anat.  Anz.,  iv,  1889,  No.  25,  p.  789)  has 
applied  to  terrestrial  animals  the  method  of  Harmer  for 
marine  animals  (§  356).     For  details  see  prerio«.s-  edUions. 

REGAun  {Journ.  Anat.  et  Phy.<.,  xxx,  1894,  p.  719)  recom- 
mends for  the  study  of  lymphatics  a  process  devised  by 
Renaut,  for  the  details  of  which  see  also  previous  editions. 

353  Other  Salts  of  Silver.— Alfeeow  {Arch.  Phys.,i,  1874,  p.  694) 
employs  the  picrate,  lactate,  acetate,  and  citrate,  iu  solution  of  1 :  800, 
and  adds  a  small  quantity  of  the  acid  of  the  salt  taken  (10  to  15  drops  of  a 
concentrated  solution  of  the  acid  to  800  c.c.  of  the  solution  of  the  salt). 
This  decomposes  the  precipitates  formed  by  the  action  of  the  silver  salt  on 
the  chlorides,  carbonates,  and  other  substances  existing  m  the  tissues. 

Regato  and  Dubeextil  {C.E.  Ass.  Anat,  5  Sess.  1903,.  p  122)  take  a 
fresh  solution  of  protargol  or  a  mixture  of  equal  parts  of  1  per  cent, 
protargol  and  1  per  cent,  osmic  acid,  thus  avoiding  precipitates. 

354.  Silver  Nitrate  -.  Keduction.— Reduction  may  be  effected 
in  other  media  than  distilled  water. 

V  Recklinghausen  washed  his  preparations  in  salt  solution 
before  exposing  them  to  the  light  in  distilled  water  {Arch. 
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path.  Anat.,  xix,  p.  451).  Physiological  salt  solution  (0-75 
per  cent.)  is  commonly  used  for  these  washings.  • 

MuLLicR  {Arch.  f.  path.  Anat.,  xxxi,  p.  110),  after  impreg- 
nation by  immersion  for  two  or  three  minutes  in  a  1  per  cent, 
solution  of  nitrate  of  silver  in  the  dark,  adds  to  the  solution 
a  small  quantity  of  1  per  cent,  solution  of  iodide  of  silver 
(dissolved  by  the  aid  of  a  little  iodide  of  potassium).  After 
being  agitated  in  this  mixture  the  preparations  are  washed 
with  distilled  water,  and  exposed  to  the  light  for  two  days 
in  a  1  per  cent,  solution  of  nitrate  of  silver  (see  also  Gierke, 
in  Zeit.  tviss.  Mih.,  i,  1884,  p.  396). 

EouGET  {Arch,  de  Physiol.,  1873,  p.  603)  reduces  in 
glycerin;  Szutz  {Zeit.  loiss.  Mik.,  xxix,  1912,  p.  291)  in 
glycerin  with  yL-  of  formol. 

Sattler  {Arch.  Mih.  Anat ,  xxi,  p.  672)  exposes  to  the 
light  for  a  few  minutes  in  water  acidulated  with  acetic  or 
formic  acid.  Thanhofper  {Das  Mikroskoj),  1880)  employs  a 
2  per  cent,  solution  of  acetic  acid. 

Krauss  brings  his  preparations,  after  washing,  into  a  light 
red  solution  of  permanganate  of  potash.  Reduction  takes 
place  very  quickly,  even  in  the  dark. 

Oppitz  puts  for  two  or  three  minutes  into  a  0'25  or  0'50 
per  cent,  solution  of  chloride  of  tin. 

Jakimovitch  {Juiirn.  de  VAnat.,  xxiii,  1888,  p.  142)  brings 
nerve  preparations,  as  soon  as  they  have  become  of  a  dark 
brown  colour,  into  a  mixture  of  formic  acid  1  23art,  amyl 
alcohol  1  part,  and  water  100  parts,  and  exposes  to  the 
light  for  five  to  seven  days,  the  mixture  being  renewed 
from  time  to  time. 

Dekhuysen  {op.  cit.,  last  §)  reduces  in  oil  of  cloves,  after 
dehydration. 

355.  Fixation. — JjEGros  (Jotirn.  de  V  Anat.,  1868, -p.  275)  washes  Lis 
preparations,  after  reduction,  in  Lyposnlphite  of  soda,  to  prevent  after- 
blackening.  According  to  Dtjval  {Precis,  p.  230)  they  should  be  washed 
for  a  few  seconds  only  in  2  per  cent,  solution  and  then  in  distilled 
water. 

Geeota  {Arch.  Anat.  Thys.,  Phys.  Ahth.,  1897,  p.  428)  reduces  in  a 
hydroquinone  developing  solution,  followed  Ijy  fixation  in  hyposulphite 
of  soda,  just  as  in  photography. 

356.  Impregnation  of  Marine  Animals.— On  account  of  the 
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chlorides  that  batho  the  tissues  of  raariue  animals,  these 
cannot  be  treated  directly  with  nitrate  of  silver. 

Hertwig  [Jen.  Zeit.,  xiv,  1880,  p.  322)  recommends  fixing 
them  with  a  wealc  solution  of  osmic  acid,  then  washing  with 
distilled  water  until  the  wash-water  gives  no  more  than  an 
insignificant  precipitate  with  silver  nitrate,  and  then  treating 
for  six  minutes  with  1  per  cent,  solution  of  silver  nitrate. 

Harmer  {Mitth.  Zool.  Stat.  Neafel,  v,  1884-,  p.  445)  washes 
them  for  some  time  (half  an  hour)  in  a  5  per  cent,  solution 
of  nitrate  of  potash  in  distilled  water  ;  they  may  then  be 
treated  with  silver  nitrate  in  the  usual  way.  For  some 
animals  he  recommends  a  4-5  per  cent,  solution  of  sulphate 
of  soda. 

357.  Double-staining  Silver-stained  Tissues.-The  nuclei  of 
tissues  impregnated  with  silver  may  be  stained  with  the 
usual  reagents,  provided  that  solutions  containing  free  am- 
monia be  avoided.  These  stains  will  only  succeed,  however, 
with  successful  negative  impregnations,  as  nuclei  that  have 
been  impregnated  will  not  take  the  second  stain. 

Impregnation  with  silver  may  be  followed  by  impregna- 
tion with  gold.  In  this  case  the  gold  generally  substitutes 
itself  for  the  silver  in  the  tissues,  and  though  the  results  are 
sharp  and  precise,  the  effect  of  a  double  stain  is  not  pro- 
duced.   See  hereon  Gebota,  loc  cit.,  §  355. 

358  Impregnation  of  Nerve  Tissue.-For  this  suhject  n-Mch 
includes  the  iwportavt  hichrcmate-and-siker  melhcd  of  Golgi, 
and  the  venrofihril  methods  o/ Bielschowsky  and  Bamon  y 
Oajal,  see  Fart  II.  These  give  important  resnlts  not  only 
rdth  Nervous  tissue,  hut  u-ith  various  forms  of  Connective 
tissue,  mitochondrial  formations,  etc. 

Gold. 

359  The  Characters  of  Gold  Impregnations.- Gold  chlonde 
differs  from  nitrate  of  silver  in  that  it  generally  gives  pos^hve 
348)  impregnations  only.     It  generally  gives  negative 
mages  o.ly  ^vlth  such  tissues   as  have  first  received  a 
ol  ive  impregnation  with  silver,  the  gold  substituting 
ZlTZ     e'silver.    In  order  to  obtain  these  images  you 
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first  impregnate  very  lightly  with  silver ;  reduce ;  treat  for 
a  few  minutes  with  a  0-5  per  cent,  solution  of  gold  chloride, 
and  reduce  in  acidulated  distilled  water. 

This  process,  however,  is  in  but  little  use,  and  except  for 
certain  special  studies  on  the  cornea  and  on  connective 
tissue,  the  almost  exclusive  function  of  gold  chloride  is  the 
impregnation  of  nervous  tissue,  for  which  it  exhibits  a 
remarkable  selectivity. 

360.  Pre-impregnation  and  Post-impregnation.— Gold  methods 
may  be  divided  into  two  groups  :  viz.  pre-impregnation 
methods,  characterised  by  employing  perfectly  fresh  tissues, 
and  post-impregnation  methods,  characterised  by  the  employ- 
ment oi  fixed  and  hardened  tissues.  Both  are  chiefly  used 
for  nervous  tissue.  They  give  in  some  respects  opposite 
results.  Pre-impregnation  gives  nuclei  unstained,  cytoplasm 
rather  strongly  stained,  axis-cylinders  reddish-violet.  Post- 
impregnation  gives  nuclei  sharply  stained,  cytoplasm  pale, 
axis-cylinders  black,  and  (when  successful)  showing  their 
neurofibrils  sharply  distinguished  from  the  interfibrillar 
substance. 

In  Apathy^s  view  [Mitth.  Zool.  Stat.  Neapel,  xii,  1897, 
p.  718)  successful  gold  preparations  should  show  a  trues^aw, 
not  an  impregnation  (§  347),  the  stain  being  brought  about 
by  the  formation  of  gold  oxide  (AuO)  which  combines  with 
the  tissue  elements.  He  advises  in  consequence  that  prepara- 
tions should  ^lot  he  moved  ahcut  more  than  can  be  helped  in 
the  reducing  bath,  so  that  the  colouring  oxide  may  not  be 
washed  away  from  the  tissues  before  the  stain  has  taken 
eifect. 

361.  As  to  the  Commercial  Salts  of  Gold.— Squiee's  Methods 
and  Forrmdse,  etc.  (p.  43),  says  :  "  Commercial  chloride  of 
gold  is  not  the  pure  chloride,  AuClg,  but  the  crystallised 
double  chloride  of  gold  and  sodium,  containing  50  per  cent,  of 
metallic  gold. 

"  Commercial  chloride  of  gold  and  sodium  is  the  above 
crystallised  double  chloride  mixed  with  an  equal  weight  of 
chloride  of  sodium,  and  contains  25  per  cent,  of  metallic 
gold." 

This,  however,  appears  not  to  be  the  case  in  Germany. 
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Dr.  GrKiiBLEH,  writing  to  Mayeii  (see  the  Grmdzuge,  Lkk  mid 
MayeBj  p.  215),  says:  "  Auriim  chloratum  fuscum  contains 
about  53  per  cent.  Au,  the  fiavum  about  48  per  cent. ;  in 
both  of  them  there  should  be  only  water  and  liydrochloric 
acid  besides  the  gold,  no  sodium  chloride.  Pure  Aurovalrium 
chloratum  contains  14'7  per  cent,  of  sodium  chloride,  though 
samples  are  found  in  commerce  with  much  more." 

Apathy  {Milth.  Zool  Stat.  Neapel,  xii,  1897,  p.  722) 
formerly  employed  the  aurioin  chloratum  flavum,  but  now 
prefers  the  fuscum. 

A.  Fre-impregnation, 

362.  The  State  of  the  Tissues  to  be  impregnated.— The  once 
classical  rule,  that  for  researches  on  nerve-endings  the  tissues 
should  be  taken  perfectly  fresh,  seems  not  to  be  valid  for  all 
cases.  For  Drascii  {Sitzh.  Ahnd.  Wiss.  Wien,  1881,  p.  171, 
and  1881,  p.  516;  and  Abhand.  math.-phys.  CI.  K.  Sach. 
Ges.  Wiss.,  xiv,  No.  5,  1887  ;  Zeit.  wiss.  Mile,  iv,  1887, 
p.  492)  finds  that  better  results  are  obtained  with  tissues  that 
have  been  allowed  to  lie  after  death  for  twelve,  twenty-four, 
or  even  forty-eight  hours  in  a  cool  place. 

363.  Cohnheim's  Method  {Virchoiv's  Arch.,  Bd.  xxxviii,  pp.  346— 
349 ;  Striclcer's  Handb.,  p.  1100).— Fresh  pieces  of  cornea  (or  other  tissue) 
are  put  into  0-5  per  cent,  solution  of  chloride  of  gold  until  thoroughly 
yeUow,  and  then  exposed  to  the  light  in  water  acidulated  with  acetic 
acid  until  the  gold  is  thoroughly  reduced,  wliich  happens  in  the  coui-se 
of  a  few  days  at  latest.    They  are  then  mounted  in  acidulated  glycerin. 

Results  very  uncertain  and  anything  hut  permanent. 

364.  Lowit's  Method  {Sil'^gslir.  Ahad.  Wiev,  Bd.  Ixxi, 

1875, p.  1).  The  following  directions  are  from  Fischer's  paper 

on  the  corpuscles  of  Meissner  {Arch.  mih.  Avat.,  xii,  1875,  p. 

366).  . 

Small  pieces  of  fresh  skin  are  put  into  dilule  jormxc  acid 
(one  volume  of  water  to  one  of  the  acid  of  M2  sp.  gr.),  and 
remain  there  until  the  epidermis  peels  off.  They  then  are 
put  for  fifteen  minutes  into  gold  chloride  solution  (U  per 
cent,  to  1  per  cent.),  then  for  twenty-four  hours  into  dilute 
formic  acid  (1  part  of  the  acid  to  1-3  of  water),  and  then 
for  twenty-four  hours  into  undiluted  formic  acid.  (Both  of 
these  stages  are  gone  through  in  the  dark).     Sections  are 


METALLIC  STAINS   (iMrBEGNATION  METHODS). 


221 


then  made  and  mounted  in  dammar  or  glycerin.  Successful 
preparations  show  the  nerves  alone  stained. 

365.  Ranvjer's  Formic  Acid  Method  {Quart.  Journ.  Mic.  Sci. 
[N.S.],  Ixxx,  1880,  p.  456). — The  tissues  are  placed  in  a 
mixiure  of  chloride  of  gold  and  formic  acid  (four  parts  of  1 
per  cent,  gold  chloride  to  one  part  of  formic  acid)  which  has 
been  boiled  and  allowed  to  cool  (Ranvier's  Traite,  p.  820). 
They  remain  in  this  until  thoroughly  impregnated  (muscle 
twenty  minutes,  epidermis  two  to  four  hours)  ;  reduction  is 
affected  either  by  daylight  in  acidulated  water,  or  in  the 
dark  in  dilute  formic  acid  (one  part  of  the  acid  to  four  parts 
of  water). 

366.  Ranvier's  Lemon-juice  Method  {Traite,  p.  813). — 
Ranvier  finds  that  of  all  acids  lemon  juice  is  the  least  hurt- 
ful to  nerve-endings.  He  therefore  soaks  pieces  of  tissue  in 
fresh  lemon  juice  until  they  become  transparent  (five  or  ten 
minutes  in  the  case  of  muscle).  They  are  then  rapidly 
washed  in  water,  brought  for  about  twenty  minutes  into  1 
per  cent,  gold  chloride  solution,  washed  again  in  water,  and 
brought  into  a  mixture  of  50  c.c.  of  distilled  water  and  two 
drops  of  acetic  acid.  They  are  exposed  to  the  light  for 
twenty-four  to  forty-eight  hours.  The  preparations  thus 
obtained  are  good  for  immediate  study,  but  are  not  jDermanent, 
the  reduction  of  the  gold  being  incomplete.  In  order  to 
obtain  perfectly  reduced,  and  therefore  permanent,  prepara- 
tions, the  reduction  should  be  done  in  the  dark  in  a  few  cubic 
centimetres  of  dilute  foi-mic  acid  (1  part  acid  to  4  of  water), 
which  takes  about  twenty-four  hours. 

367-  Viallane's  Osmic  Acid  Method  {Hist,  et  Dev.  des 
Insectes,  1883,  p.  42). — The  tissues  are  treated  with  osmic 
acid  (1  per  cent,  solution)  until  they  begin  to  turn  brown, 
then  with  25  per  cent,  formic  acid  for  ten  minutes;  they  are 
then  put  into  solution  of  chloride  of  gold  of  1  :  5000  (or  even 
much  weaker)  for  twenty-four  hours  in  the  dark,  then  reduced 
in  the  light  in  25  per  cent,  formic  acid.  I  find  this  an  ex- 
cellent method. 

Kerschnee  {Arch.  mih.  Anat.,  Ixxi,  1908,  p.  522)  puts  till 
brown  into  a  mixture  of  ten  parts  5  per  cent,  formic  acid 
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with  one  part  2  per  cent,  ostnic  acid,  washes,  jnits  for  two 
to  six  hours  into  1  per  cent,  gold  chloride  in  the  dark,  waslies, 
puts  for  twelve  hours  into  25  per  cent,  formic  acid  in  the 
dark  and  then  for  twenty-four  in  the  light,  and  mounts  in  50 
per  cent,  glycerin  with  I  per  cent,  of  formol. 

368.  Other  Methods  — Tlie  numerous  other  methods  that 
have  been  proposed  differ  from  the  foregoing  partly  in 
respect  of  the  solutions  used  for  impregnation,  but  chiefly  m 
respect  of  details  imagined  for  the  purpose  oi  facilitating  the 
reduction  of  the  gold. 

Thus  Bastian  employed  a  solution  of  gold  chloride  of  a 
strength  of  1  to  2000,  aciduated  with  HCl  (1  drop  to  75 
c.c),  and  reduced  in  a  mixture  of  equal  parts  of  formic  acid 
and  water  kept  warm. 

Henocque  {Arch,  de  VAiiat.  et  de  la  Physiol,  1870,  p.  HI) 
impregnates  in  a  0-5  per  cent,  solution  of  gold  chloride, 
washes  in  water  for  twelve  to  twenty-four  hours,  and  reduces 
in  a  nearly  saturated  solution  of  tartaric  acid  at  a  tempera- 
ture of  40°  to  50°  C.  Reduction  is  effected  very  rapidly, 
sometimes  in  a  quarter  of  an  hour. 

HoYEB  {Arch.  mile.  Anat.,  ix,  1873,  p.  222)  says  that  the 
double  chloride  of  gold  and  fotassiim  has  many  advantages 
over  the  simple  gold  chloride.  He  impregnates  in  solutions 
of  0-5  per  cent,  strength,  and  reduces  in  water  coutaimng 
one  or  two  drops  of  a  pyrogallic  acid  developing  solution, 
such  as  is  used  in  photography,  or  in  a  warm  concentrated 
solution  of  tartaric  acid,  at  the  temperature  of  an  nicubating 
stove. 

I  have  myself  used  the  double  chloride  of  gold  and  sodium 

with  good  results. 

CiACCio  {Joimi.  de  Microgv.,  vii,  1883,  p.  38)  prefers  the 
double  chloride  of  gold  and  cadmiim. 

Flechsig  {Die  Leitungshahnenin  Gehirn,  1876  j  Arch.  Anat. 
u.  Phys.,  1884,  p.  453)  reduces  in  a  10  per  cent,  solution  of 
caustic  soda. 

Nesteroefsky  treats  impregnated  preparations  with  a  drop 
of  ammonium  sulphide,  and  finishes  the  reduction  in  glycerin 
(quoted  from  Gierke's  Fdrberei  z.  mik  Zivecken). 

BoHM  reduces  in  Pritchard's  solution— s.my\  alcohol,  1  j 
formic  acid,  1  ;  water,  98. 
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Manfredi  (Arch,  j^er  le  8ci.  med.,  v,  No.  15)  puts  fi-osli 
tissues  into  gold  chloride;  1  pei-  cent.,  for  hall:  aa  hour  ; 
then  oxalic  acid,0-5  per  cent.,  in  which  they  are  warmed  in  a 
water-bath  to  36^.  Mount  in  glycerin.  Sunny  weather  is 
necessary. 

BoccARDi  [Lavjri  Inslit.  Flsiol.  NapoU,  1836,  i,  p.  27  ; 
Joiirii.  Boy.  Mic.  8oo.,  1888,  p.  155)  recommends  oxalic  acid 
of  0-1  per  cent,  or  of  0'25  to  0'3  per  cent.,  or  a  mixture  of 
5  c.c.  pure  formic  asid,  1  c.c.  of  1  par  cent,  oxalic  acid,  and 
25  c.c.  of  water,  reducing  in  the  dark  not  longer  than  two  to 
four  hours. 

KoLossow  {Zeit.  wiss.  Mih.,  v,  1888,  p.  52)  impregnates 
for  two  or  three  hours  in  a  1  per  cent,  solution  of  gold 
chloride  acidulated  with  1  per  cent,  of  HCl,  and  reduces  for 
two  or  three  days  in  the  dark  in  a  O'Ol  per  cent,  to  0'02  per 
cent,  solution  of  chromic  acid. 

Geberq  [Intern.  Monalsschr.,  x,  1893,  p.  205)  states  that 
previous  ti-eatment  of  tissues  for  twenty-four  hours  with 
lime-ivater  (Arnstein's  method)  greatly  heljDS  the  reduction. 

Bernheim  [Arch.  Anat.  Phys.,  Phys.  Ahth.,  1892,  Supp., 
p.  29)  adds  to  Lowit's  dilute  formic  acid  a  piece  of  sulphite 
of  sodium  (must  be  fresh  and  smell  strongly  of  sulphurous 
acid) . 

Dr.  Lindsay  Johnson  writes  to  me  that  besides  the  "  sun- 
ning" of  the  impregnating  solution  recommended  above 
(§  349),  the  gold  should  be  carefully  acidulated  with  a 
neidral  acetate  or  formiate,  or  acetic  or  formic  acid,  at 
least  twenty-four  hours  before  using ;  and  then  afterwards 
the  tissue  must  be  washed  until  no  reaction  occurs  to  test- 
paper. 

Apathy  [Mikrotechnih,  p.  173;  Mitth.  Zool.  Stat.  Neapel, 
xii,  1897,  pp.  718 — 728)  lays  stress  on  the  necessity  of 
having  the  objects  thoroughly  penetrated  by  light  from  all 
sides  during  the  process  of  reduction.  Objects,  therefore, 
should  always  be  so  thin  that  light  can  readily  stream 
through  them.  He  impregnates  for  a  few  hours  in  1  per 
cent,  gold  chloride  (§  361)  in  the  dark,  then  brings  the 
objects,  without  washing  out  with  water,  the  gold  solution 
being  just  superficially  mopped  up  with  blotting-paper,  into 
1  per  cent,  formic  acid.  They  are  to  be  set  up  in  this,  in  a 
tube  or  otherwise,  so  that  the  light  may  come  through  them 
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from  all  mles,  and  exposed  to  diffused  daylif,'lit  in  si  lur, 

or  direct  sunliglit  in  winter,  for  six  to  eight  hours  williuut  a 
hreuh.  They  must  nut  he  moved  about  more  tluui  can  be 
helped  in  the  acid.  If  the  acid  becomes  brown  it  may  be 
changed  for  fresh.  The  temperature  of  the  acid  should 
not  be  allowed  to  rise  over  20°  C,  whence  direct  sunlight  is 
to  be  avoided  during  the  summer.  He  mounts  in  glycerin 
or  his  syrup  (§  343).  He  finds  such  preparations  uhsoliitehj 
permanent. 

Tost-Imfvegnation, 

369.  Gri!;RLACii's  Method  (Strickeb's  Handb.,  1872,  p.  678)  : 
Spinal  cord  is  hardened  for  fifteen  to  twenty  days  in  a  1  to 
2  per  cent,  solution  of  bichromate  of  ammonia.  Thin  sections 
are  made  and  thrown  into  a  solution  of  1  part  of  double 
chloride  of  gold  and  potassium  to  10,000  parts  water,  which 
is  very  slightly  acidulated  with  HCl,  and  after  ten  to  twelve 
hours  are  washed  in  hydrochloric  acid  of  1  to  2  :  3000 
strength,  then  brought  for  ten  minutes  into  a  mixture  of 
1  part  HCl  to  1000  parts  of  60  per  cent,  alcohol,  then 
dehydrated  and  mounted  in  balsam. 

(See  further,  for  Nerve  Centres,  under  ''Nervous 
System.") 

370.  GoLGi  {Mem.  Accad.  Torino  [2],  xxxii,  1880,  p.  382) 
puts  tissues  previously  hardened  in  2  per  cent,  solution  of 
bichromate  of  potash  for  ten  to  twenty  minutes  into  1  per 
cent,  solution  of  arsenic  acid,  then  into  |  per  cent,  solution 
of  chloride  of  gold  and  potassium  for  half  an  hour,  washes 
in  water,  and  reduces  in  sunlight  in  1  per  cent,  arsenic 
acid  solution,  which  is  changed  for  fresh  as  fast  as  it 
becomes  brown.  Mount  in  glycerin.  Sunny  weather  is 
necessary. 

371.  Apathy's  Method  {Zeit.  iviss.  Mile,  x,  1893,  p.  349; 
Mitth.  Zool.  Stat.  Neapel,  xii,  1897,  p.  729).  The  material 
to  be  used  must  have  been  fixed  either  in  sublimate  or  in  a 
mixture  of  equal  parts  of  saturated  solution  of  sublimate  in 
0-5  per  cent,  salt  solution  and  1  per  cent,  osmic  acid  (this 
more  particularly  for  Vertebrates).  The  material  should  be 
imbedded  as  qtiicUy  as  possible,  either  in  paraffin  or  m 
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celloidin.  Sections  are  made  and  fixed  on  slides,  and  after 
the  usual  treatment  with  iodine,  etc.,  are  either  put  into 
distilled  water  for  from  two  to  six  hours,  or  are  rinsed  in 
water,  treated  for  one  minute  with  1  per  cent,  foi-mic  acid, 
and  again  well  washed  with  water. 

They  are  then  put  for  twenty-four  hours,  or  at  least  over- 
night, into  the  gold-bath,  which  is  preferably  1  per  cent, 
gold  chloride  (see  §  361),  but  may  be  weaker,  down  to  0"1 
per  cent,,  after  which  they  are  just  rinsed  with  water  or 
superficially  dried  with  blotting-paper.  The  slides  are  then 
set  up  on  end  in  a  sloping  position,  the  sections  looking 
downwards,  so  that  precipitates  may  not  fall  on  them,  in 
glass  tubes  filled  with  1  per  cent,  formic  acid.  The  tubes  are 
then  exposed  to  light  until  the  gold  is  reduced,  as  directed 
ill  §  368  suh.  fin. 

I  seem  to  have  found  it  advantageous  to  reduce  in  weak 
solution  of  formaldehyde,  either  with  or  without  formic  acid. 

SzuTZ  [Zeit.  toiss.  Mik.,  xxix,  1912,  p.  292)  reduces  as 
Apathy  for  one  day,  then  rinses  and  puts  back  for  the  night 
into  the  gold,  then  for  the  next  day  again  into  the  formic 
acid. 

372.  Impregnation  of  Marine  Animals.— For  some  reason 
the  tissues  of  marine  animals  do  not  readily  impregnate  with 
gold  in  the  fresh  state.  It  is  said  by  Fol  that  impregnation 
succeeds  better  with  spirit  specimens. 

373.  Preservation  of  Impregnated  Preparations. — Preparations 
may  be  mounted  either  in  balsam  or  in  acidulated  glycerin 
(1  per  cent,  formic  acid). 

Theoretically  they  ought  to  be  permanent  if  the  reduction 
of  the  metal  has  been  completely  effected,  but  they  are  very 
liable  to  go  wrong  through  after-blackening.  Ranviek  states 
that  this  can  be  avoided  by  putting  them  for  a  few  days 
into  alcohol,  which  he  says  possesses  the  property  of  stopping 
the  reduction  of  the  gold. 

Blackened  preparations  may  be  bleacJied  with  cyanide  or 
ferricyanide  of  potassium.  Redding  employs  a  weak  solution 
of  ferricyanide,  Cybulsky  a  0'5  per  cent,  solution  of  cyanide. 

Preparations  may  be  double-stained  with  the  usual  stains 
(safranin  being  very  much  to  be  recommended),  but  nuclei 
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will  only  take  the  second  stain  in  the  case  of  negative  im- 
pregnation. 

Other  Metallic  8tain.<s. 

374.  Osmic  Acid  and  Pyrogallol.— This  method  was  first 
published  hy  me  in  1887  {La  Cellule,  W,  p.  110).  It  consists 
ill  putting  tissues  that  have  been  treated  with  osmic  acid 
into  a  weak  solution  of  pyrogallol,  in  which  they  quickly 
turn  greenish  black,  sometimes  much  too  much  so. 

Hermann  [Arch.  mile.  Anat.,  xxxvii,  4,  1891,  p.  570) 
put  platino-aceto-osmic  material  hardened  in  alcohol  for 
twelve  to  eighteen  hours  into  raw  iiyroligneous  acid.  This 
acid  ought  {Erqehnisse  der  Anat.,  ii,  1893,  p.  28)  to  be 
as  raw  as  possible,  and  to  be  of  a  dark  brown  colour  and 
evil-smelling.  (The  stain  obtained  in  this  way  is  not  due  to 
a  mere  reduction  of  the  osmic  acid,  but  also  to  coloration 
by  the  brown  pyroligneous  acid;  for  Hiormann  has  obtained 
the  same  stain  with  sublimate  material,  or  alcohol  material 
(op.  cit.,  i,  1891  [1892],  p.  7). 

I  find  this  gives  much  better  results  than  the  pure  osmic 
acid  process,  but  not  the  best  possible.    I  now  proceed  as 

follows:  .     J  -J 

Hermann  or  Flemming  material  is  brought  m  iuil,; 
directly  after  fixing,  into  a  weak  aqueous  .solution  of 
pyrogallol.  The  tissues  may  remain  in  it  for  twenty-four 
hours,  but  for  small  objects  an  hour  or  less  is  sufficient.  An 
alcoholic  solution  of  pyrogallol  may  be  taken  if  desired 
Rawitz  [Lehrhuch,  p.  60)  takes  20  per  cent,  aqueous  sol.  ot 

tannin.  ,  .  ,  ■     .  <i 

There  is  thus  obtained  a  black  stain,  which  is  at  the  same 
time  a  plasma  stain  and  a  nuclear  stain,  chromatin  being  so 
far  stained  that  it  is  not  necessary  to  have  recourse  after- 
wards to  a  special  chromatin  stain.  With  Invertebrates  it 
sometimes  gives  very  elegant  differentiations  of  nervous 
tissue.  It  is  a  very  easy  method,  and  if  pyrogallol  be  used 
a  very  safe  one  (with  pyroligneous  acid  not  so  safe). 

If  it  be  desired  to  add  a  chromatin  stain,  1  greatly 
recommend  safranin  (stain  very  strongly,  twenty-four  hours 
at  least,  and  start  the  extraction  with  acid  alcohol). 
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This  method  has  been  attrilmted  to  von  Maeheenthal.  See  also 
under  "  Nervous  System  "  modifications  of  this  method  by  Azoulay 
and  Heller  and  G-umpertz  ;  also  one  by  Kolossow  [Zeit.  iviss.  Mile, 
ix,  1892,  p.  38,  and  ix,  1893,  p.  316). 

375.  Perehloride  of  Iron.— This  reagent,  introduced  by  PoLAiLLON 
(Jou7ii.  lie  VAnat.,  iii,  1866,  p.  43),  sometimes  gives  useful  results, 
especially  in  the  study  of  peripheral  nerve-ganglia,  in  which  it  stains 
the  nervous  tissue  alone,  the  connocti\  e  tissue  remaining  colourless. 

The  HoGGANS  proceed  as  follows  (Joimi.  Quehett  Club,  1876  ;  Journ. 
Boy.  Mic.  Soc,  ii,  1879,  p.  358) :— The  tissue  (having  been  first  fixed 
ynth.  silver  nitrate,  which  is  somewhat  reduced  by  a  short  exposure  to 
diffused  light)  is  dehydrated  in  alcohol,  and  treated  for  a  few  minutes 
with  2  per  cent,  solution  of  perehloride  of  iron  in  spirit ;  then  with  a 
2  per  cent,  solution  of  pyrogallic  acid  in  spirit,  and  in  a  few  minutes 
more,  according  to  the  depth  of  tint  required,  may  be  washed  in  water 
and  mounted  in  glycerin. 

FOL  fixes  in  perehloride  (§  80)  and  treats  for  twenty-fom-  hours  with 
alcohol  containing  a  trace  of  gallic  acid. 

PoLAiLLON  {loc.  cit.)  reduces  in  tannic  acid. 

The  method  is  not  applicable  to  chromic  objects. 

GOLODETZ  and  Unna  {Monats.  pralct.  Derm,  xlviii,  1909,  p.  153) 
put  sections  of  skin  for  5  minutes  into  fresh  mixture  of  1  per  cent,  per- 
ehloride of  iron  and  1  per  cent.  sol.  of  ferricyanide  of  potassium. 
See  also  Unna  and  Golodetz,  ibid.,  xlix,  1909,  p.  97. 

E.O0SEVELT  {Med.  Rec,  ii,  1887,  p.  84 ;  Journ.  Boy.  Mic.  Soc,  1888, 
p.  157)  employs  a  stain  composed  of  20  drops  of  saturated  solution  of 
iron  sulphate,  30  grms.  water,  and  15  to  20  drops  pyrogallic  acid. 

376.  Palladium  Chloride  (see  Schulze,  §  77).  Prussian  Blue  (see 
LEBER,  Arch.  Ophthalm.,  xiv,  p.  300;  Ranvibr,  Traite,  p.  108).  Cuprie 
Sulphate  (see  Leber,  ibid.).  Lead  Chromate  (see  Leber,  ibid) 
Sulphides  (see'  Landois,  Centralb.  med.  Wiss.,  1885  JSTo  55-  and 
Gierke,  in  Zeil.  iviss.  Mile,  i,  1884,  p.  497).  Molybdate  of  Ammonia 
(Merkel  ;  Krause)  (see  Gierke,  ibid.,  i,  1884,  p.  96).  Oxychloride  of 
Ruthenium  (Nicolle  and  Cantacuzene)  (see  Ann.  Inst.  Pasteur,  vii, 
i»yd,  p.  331).  Ruthenium  Red  (Ruthenium  Sesquichloride)  (Eisen 
Zeit.  zviss.  Mile,  xiv,  1897,  p.  200 ;  in  my  hands  totally  useless).  Oxide 

iL^^^^f.^^^^  (Golodetz  and  Unna,  Monats.  praht.  Derm.,  xlviii, 
lyoy,  p.  151). 
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377.  Kernschwarz  (Platner,  Zeit.  wiss.  Mile,  iv,  1887, 
p.  350).— A  black  liquid  on  sale  by  Griibler  and  Hollborn. 
Mayer  [Grundziige,  Lee  &  Mayer,  1st  ed.,  p.  202)  finds 
that  it  contains  iron,  combined  with  some  gallic  acid.  I 
use  it  as  follows  : 

Sections  (I  have  not  tried  material  in  bulk)  are  hxed  on 
slides  and  treated  with  Kernschwarz  until  the  required  depth 
of  stain  is  obtained,  which  will  be  from  a  few  minutes  to 
twenty-four  hours,  according  to  the  material. 

There  is  obtained  a  black  or  neutral-tint  stain,  which  is 
either  a  pure  chromatin  stain,  or  at  the  same  time  a  plasma 
stain.  If  overstaining  should  have  occurred,  the  stain  is 
easily  differentiated  by  means  of  any  weak  acid,  either  m 
water  or  alcohol.  Platner  took  alkalies,  preferably  carbonate 
of  lithia,  for  differentiation. 

It  may  be  well,  if  a  good  plasma  stain  has  been  obtained 
to  after-stain  for  twenty-four  hours  with  safranin,  followed 
by  differentiation  in  either  neutral  or  acid  alcohol,  and  clove 
oil     The  stain  is  perfectly  permanent  in  balsam,  and  is 
stated  to  be  a  good  one  for  preparations  that  it  is  desired  to 

•photograph.  .  , 

I  m-eatly  recommend  this  stain,  which  is  safe  and  easj. 

The  combination  with  safranin  gives  a  better  chromatin 
stain  than  safranin  alone. 

378.  Brazilin,  the  colouring  matter  of  Brazilian  redwood  or  Pernam- 
buco  wood,  has  been  recommended  by  Eisen  {Zeit.  wiss.  MiK^^y,  1^'. 
Tm,  and  HioKSON  (Nature,  Ixii,  1900,  p.  589,  and  Q.art  Jonnu  M  e 
Sci  mi  P  469).  Mayeb  {Grundziige,  p.  203)  finds  that  m  alum 
Stion,  it  gives  i  stain  similar  to  that  of  ha^matein,  but  much  weaker. 
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Iron-Brazilin  (Hickson,  Quart.  Journ.  Mivr.  8ci.,  xliv, 
1901,  p.  470)  is  better.  Sections  are  mordanted  for  1  to 
3  hours  in  1  per  cent.  sol.  of  iron  alum  in  alcohol  of  70 
per  cent,  (made  by  dissolving  1  grm.  of  the  salt  in  23  c.c. 
of  water,  warm,  and  adding  77  c.c.  of  90  per  cent,  alcohol 
after  cooling),  rinsed  with  alcohol,  and  put  for  3  to  16  hours 
into  0-5  per  cent.  sol.  of  Brazilin  in  alcohol  of  70  per  cent, 

379.  Orehella  (Orseille)  see  Wedl  {Arch.  path.  Anat.,  Ixxiv,  p.  143)  ; 
and  FoL  (Lehrb.,  p.  192),  and  early  editions  of  this  work. 

380.  Orcein  (Israel,  Virchow's  Archiv,  cv,  1886,  p.  169  ;  and  Pralcti- 
cum  der  path.  Hist.,  2  Aufl.,  Berlin,  1893,  p.  72)  is  a  dye  obtained  from 
the  lichen,  Lacaiiora  parella,  and  is  not  to  be  confused  with  orcin, 
another  derivative  of  the  same  lichen.  It  is  said  to  unite  in  itself  the 
staining  properties  of  the  basic  and  acid  stains,  and  also  the  combina- 
tion of  two  contrast  colours.  Israel  stains  sections  in  a  solution 
containing  2  grms.  of  orcein,  2  grms.  of  glacial  acetic  acid,  and  100  c.c. 
of  distilled  water,  washes  in  distilled  water,  and  pa,sses  rapidly  through 
absolute  alcohol  to  thick  cedar  oil,  in  which  the  preparations  remain 
definitely  mounted.    Nuclei  blue,  protoplasm  red. 

See  also  "  Connective  Tissues  "  in  Pai't  II,  and  Laurent,  Zeit.  wiss. 
Mik..  xiii,  1896,  p.  302  ;  Ruzicka,  ibid.,  xiv,  1898,  p.  455  ;  and  "Wolff, 
ibid.,  xix,  1903,  p.  483. 

381.  Purpurin,  see  Ranyier's  TraiH  technique,  p.  280;  Dutal's 
Precis  de  Technique  histologique,  p.  221 ;  and  Geenacher's  formula  in 
Arch.  Mik.  Anat.,  xvi,  1879,  p.  470.    A  very  weak  stain. 

382.  Indigo.— Indigo  is  employed  in  histology  in  the  form  of  solu- 
tions of  so-called  indigo  carmine,  or  sulj)hindigotate  of  soda  or  potash- 
The  simple  aqueous  solution  gives  a  diffuse  stain,  but  is  of  vise  when 
employed  in  conjimction  with  carmine,  see  below. 

Thiersch's  Oxalic  Acid  Indigo-carmine  (see  Arch.  mik.  Anat.,  i, 
1865,  p.  150). 

383.  Other  Vegetal  Dyes. — See  early  editions.  Those  recom- 
mended by  Claudius  {Zeit.  wiss.  Mik.,  xvii,  1900,p.  52)  are  superfluous. 

Carmine  Combinations. 

384.  Seller's  Carmine  followed  by  Indigo-Carmine  {Am.  Quart. 
Mic.  Journ.,  i,  1879,  p.  220). — Stain  in  borax-carmine,  wash  out  with  HCl 
alcohol,  wash  out  the  acid,  and  after-stain  in  an  extremely  dilute  alco- 
holic solution  of  indigo-carmine  (two  drops  of  saturated  aqueous  solution 
added  to  an  ounce  of  alcohol  and  filtered). 

I  find  this  method  gives  good  results  with  sections,  but  not  if  it  be 
att  mpted  to  stain  in  bulk. 
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385.  Mex-kol's  Carmine  and  Indigo-Carmine  in  One  Stain 
(Mekkel,  Unla-s.  atud.  Anst.  EosLuclc,  1874;  Mouth.  Mic.  Juurii.,  1877, 
pp.  242  and  317). 

AlsoNoRKiS  anilSHAKESPEAKE,.ili)ier.,7'oi(?'»i.  Mccl.  Sc?'.,  January,  1877  ; 
Meekel,  Mon.  Mic.  Journ.,  1877,  p.  242  ;  Mabsii,  Section  Cutliiuj,  p.  85 ; 
Bayebl,  Arch.  Mile.  Anat.,  xxiii,  18S5,  pp.  3G,  37  ;  Macallum,  Trans. 
Canad.  Instit.,  ii,  1892,  p.  222  ;  Journ.  Boy.  Mic.  Sac,  v,  1892,  p.  698. 

386.  Mayer's  Carmalum  (or  Haemalum)  and  Indigo-Carmine 
in  one  Stain.— Mayer  {Mitth.  Zoul.  Stat.  Ni:<i]id,  xii,  1896, 
p.  320)  obtains  very  good  results  by  taking  a  solution  of  0-1 
grm.  of  indigo-carmine  in  50  c.c.  of  distilled  water,  or 
5  per  cent,  alum  solution,  and  combining  it  with  from,  four 
to  twenty  volumes  of  carmalum  or  liajmalum. 

387.  Carmine  and  Picro-Iudigo-Carmine  (Ramon  y  Cajal,  Rev. 
de  Cienc.  mech,  1895  ;  Calleja,  Bev.  trim.  Microyr.,  ii,  1897, 
p.  101  ;  Zcit.  icins.  Mile,  xv,  1899,  p.  323).— For  use  after  a 
carmine  stain,  Ramon  takes  a  solution  of  0-25  grm.  of 
indigo-carmine  in  100  grms.  saturated  aqueous  solution 
of  picric  acid.  Stain  {KGctioiis)  for  five  to  ten  minutes, 
wash  in  weak  acetic  acid,  then  in  water,  then  remove  the 
excess  of  picric  acid  with  absolute  alcohol,  clear  and 
mount. 

Ramon  also  {Elemenlos  de  Eisiolugia,  1897  ;  quoted  from 
La  Gelhde,  xix,  1901,  p.  212)  employs  the  picro-indigo. 
mixture  after  Magenta ;  stain  strongly  in  saturated  solution 
of  magenta,  rinse  in  water  until  no  more  colour  comes  away, 
and  pass  into  the  indigo  mixture.  See  also  Borret,,  Anv. 
Inst.  Pasteur,  1901,  p.  57,  or  LtE  et  Henneguy,  Traite, 
p.  268. 

388.  Carmine  and  Anilin  Blue  (or  Bleu  Lumiere,  or  lieu  de 
Lyon)  (DuYAr,,  Precis  de  Techniqne  Microscoinqve,  1878,  p. 
225).— Stain  with  carmine;  dehydrate,  and  stain  for  a  few 
minutes  (ten  minutes  for  a  section  of  nerve-centres)  in  a 
solution  of  ten  drops  of  saturated  solution  of  anilin  blue  in 
alcohol  to  10  grms.  of  absolute  alcohol.  Clear  with 
turpentine,  without  further  treatment  with  alcohol,  and 
mount  in  balsam. 

Other  authors  recommend,  instead  of  anilin  blue,  bleu  de 
Lyon,  dissolved  in  70  per  cent,  alcohol  acidulated  with  acetic 
acid  (Maurich  and  Schulgin),  or  bleu  lumiere. 
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The  solutions  of  both  these  coloui-s  should  be  extremely 
dilute  for  sublimate  material,  but  strong  for  chrom  osmium 
material.     It  is  possible  to  use  them  for  staining  in  bulk. 

Baumqarten  {Arch.  mik.  Anat.,  xl,  1892,  p.  512)  stains 
sections  (of  material  previously  stained  in  borax-carmine)  for 
twelve  hours  in  a  0-2  per  cent,  solution  of  bleu  de  Lyon  in 
absolute  alcohol,  and  washes  out  for  about  half  that  time 
before  mounting  in  balsam.  He  recommends  the  process 
for  cartilage  and  nerve-centres. 

389.  Carmine  and  MalacMta  Green— Maas  {Zeit.  wiss.  Zool.,  1, 
4,  1890,  p.  527)  recommends  borax-carmine  followed  by  weak  alcoholic 
solution  of  malachite  green,  with  a  final  washing  out  with  stronger 
alcohol. 

390.  Carmine  and  Piero-nigrosin  (Pianese).     See  Journ.  lloij. 
Mic.  Soc,  1892,  p.  292. 

391.  Carmine  and  Picric  acid.    See  §  298. 

Efematein  or  Hsematoxijlin  Combinations. 

392.  Haematoxylin  and  Picric  Acid. — See  §  298. 

393.  Heematoxylin  and  Eosin. — This  popular  combination 
gives  results  that  are  testhetically  beautiful,  but  (for  most 
objects)  is  not  so  useful  as  many  others,  the  eosin  lacking 
in  electivity.  Objects  may  be  stained  with  hematoxylin 
(either  in  the  ma.ss  or  as  sections)  and  the  sections  stained 
for  a  few  minutes  in  eosin.  I  think  it  is  better  to  take  the 
eosin  weak,  though  it  has  been  recommended  (Stohr,  see 
Zeit.  wiss.  Mik.,\,  1884,  p.  583)  to  take  it  saturated.  J3ither 
aqueous  or  alcoholic  solutions  of  eosin  may  be  used. 

HiCKSON  {Quart.  Juttrn.  Mic.  Sci ,  1898,  p.  129)  stains 
sections  for  one  hour  in  a  strong  solution  of  eosin  in  90  per 
cent,  alcohol,  washes  with  alcohol,  and  stains  for  twenty 
minutes  in  a  weak  solution  of  h,£ematoxylin. 

This  method  is  most  particularly  re.commendable  for 
embryological  sections,  as  vitellus  takes  th,e  ,eosin  stain  ener- 
getically, and  so  stands  out  boldly  from  the  other  germinal 
layers  in  which  the  blue  of  the  h;8ema,toxylin  dominates. 

See  also  List  {Zeit.  wins.  Mik,  ii,  1,885,  p.  148)  ;  Busch 
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{Verh.  Berl.  Phys.  Gses.,  1887);  GiiiitKis  [Zeit.  wins.  Mile,  i, 
1884,  p.  505). 

Sections  sliould  be  very  well  washed  before  being  passed 
from  eosin  into  liiematoxylin  or  the  reverse,  as  eosin  very 
easily  precipitates  hasniatoxylin. 

For  the  complicated  and  superliuous  mixkbres  of  Henaut 
and  of  EvEiiAKD,  Demooe  and  Massakt,  see  Fol's  Liihrhuch, 
p.  196,  Ann.  In&t.  Pasteur,  vii,  1893,  p.  166,  or  early 
editions. 

394.  Hsematoxylin  and  Congo. — See  §  305. 

395.  Hasmatoxylin  and  Safranin. — Rabl  {Morph.  Jalirb.,  x,  1884, 
p.  215)  stained  very  lightly  with  very  dilide  Delafield's  litumatoxylhi  for 
twenty-four  hours,  then  for  some  hours  in  (Peitzner's)  safranin  and 
washed  out  with  pure  alcohol.  The  plasma  stain  is  here  given  by  the 
hffimatoxylin. 

Similarly  Regaud,  Verh.  Anal.  Ges.,  xiv,  1900,  p.  112. 

FoA  (Feslschr.  VircJiow,  1891,  p.  481)  stains  in  a  mixture 
of  25  c.c.  of  Bohmer's  hgematoxylin,  20  of  1  per  cent,  solution 
of  safranin,  and  100  of  water  for  one  to  three  minutes. 

396.  Haeraatoxylin  and  Saurefuchsin. — Stain  first  with  iron 
liEematoxylin  or  haamalum,  then  stain  (sections)  in  0*5  per 
cent,  aqueous  solution  of  Saurefuchsin,  dehydrate  and 
mount. 

397.  Hsematoxylin  and  Saurefuchsin  and  Orange. — Proceed 
as  above,  using  for  the  second  stain  the  following  mixture  : 
Saurefuchsin,  1  grm.  :  orange,  6  grms. ;  rectified  spirit, 
60  c.c.  ;  water,  240  c.c.  (from  Squire's  Methods  and  Formulas, 
p.  42).  Using  orange  Gr.  (not  mentioned  by  Squiee),  I  have 
had  very  good  results. 

The  method  of  Cavazzani  [Biforma  Med.,  Napoli,  1893, 
p.  604 ;  Zeit.  wias.  Mih.,  xi,  3,  1894,  p.  344)  is  far  too  com- 
plicated. 

398.  Hsematoxylin  and  Picro-Saurefuchsin  (van  Gieson,  Neio 
York  Med.  Journ.,  1889,  p.  57  ;  quoted  from  Moeller,  Zeit. 
wiss.  Mih.,  XV,  2,  1898,  p.  172,  which  see  for  further  details). 
Proceed  as  above,  using  for  the  second  stain  the  picro- 
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Saurefiiclisin  mixture,  §  299.  The  second  stain  must  not 
be  too  pi'olonged. 

Weigebt  {Zeit.  tviss.  Mih.,  xxi,  1904,  p.  1)  stains  first  in 
his  iron-hasmatoxylin  mixture  (§  244),  rinses  in  water,  and 
stains  for  a  short  time  in  his  picro-Siiurefuchsin  (§  299), 
rinses,  dehydrates  with  90  per  cent,  alcohol,  and  clears  with 
carbolic  acid-xylol  mixture  (  §167). 


CHAPTER  XIX. 


EXAMINATION  AND  TRESEEVATION  MEDIA. 

399.  Introductory. — I  compveliend  under  tliis  heading  all 
tlie  media  in  wliicli  an  object  may  be  examined  to  advantage. 

All  preservative  media  may  be  used  for  mounting,  tliougli 
the  only  media  that  will  afford  an  absolutely  sure  preservation 
of  soft  tissues  are  the  resinous  ones. 

400.  Refractive  Indices  of  Examination  Media. — An  examina- 
tion medium  should  be  of  such  a  refractive  index  as  to  afford  a 
due  degree  of  visibility  of  colourless  (unstained)  elements. 
The  visibility  of  these  is  inversely  as  their  transparency 
when  penetrated  by  the  medium.    It  is  directly  proportional 
to  the  difference  between  the  refractive  indices  of  the  object 
and  of  the  medium  in  which  it  is  mounted.     The  greatest 
transparency  is  obtained  when  the  refraction  of  the  medium 
is  the  same  as  that  of  the  tissue  elements.     Media  having  a 
lower  index  than  that  of  the  tissues  give  diminished  trans- 
parency, but  greater  visibility.     Media  having  a  higher 
index  than  that  of  the  tissues  give  great  transparency,  but 
diminished  visibility  of  (unstained)  details.    Now  the  index 
of  refraction  of   most  tissue  elements,  after  fixation  and 
dehydration,  is   somewhat  higher  than  that   of  Canada 
balsam  :  so  that  media  of  the  greatest  clearing  power  {i.  e. 
giving   the    greatest   transparency)    must  be  looked  for 
amongst   reagents   having  an   index  superior  to  that  of 
balsam,  whilst  for  enhanced  visibility  of  detail  we  must 
employ  less  refractive  media,  such  as  castor  oil,  glycerin,  or 
water. 

The  following  short  list,  extracted  from  Behuens'  Tabellen 
zinn  Gebrauch  bei  mikrofhopischen  Arbeiten,  Braunschweig, 
1892,  p.  42,  and  other  sources,  may  be  useful  as  a  guide  to 
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the  optical  effects  ol'  various  media.  The  figui'es  give  the 
approximate  indices  of  refraction.  They  should  be  accepted 
with  souie  caution,  on  account  of  the  variability  of  samples. 
The  figures  given  for  balsam  refer  evidently  to  the  resin  in  the 
solid  state  and  not  to  the  solutions  used  for  mountings  which 
are  certainly  much  lower,  according  to  the  lower  index  of 
the  solvent. 


An-  

1  .AAA 

1  000 

Xylol  ..... 

1  ./^or? 

i  VJl 

Methyl  alcohol  . 

1323 

Uedar-wood  oil,  not  thick- 

Distilled water  . 

1  OOO 

ened  .... 

1  •'(in 

Sea  water  .... 

i  £54o 

Crown  glass 

i  OlO 

Solution  of  white  of  egg 

Cedar-wood  oil,  thickened . 

1  'tCOO 

1  oM 

Absolute  alcohol 

i  00/ 

Gum  damar 

Acetate  of  potash,  saturated 

Xylol  balsam 

tiULlcULlb  bUl.       .             .  . 

(111   f\T  \c^w\f\Yia 

1  -.127 

Glycerine  with  an  equal 

Oil  of  cloves 

1-533 

quantity  of  water  . 

1-397 

Canada  balsam  (solid) 

1-535 

Cliloiide  of  calcium,  90  per 

Creasote  .... 

1-538 

cent,  in  water  . 

1-411 

Colophonium 

1-545 

Glycerine,  Price's 

1-460 

Carbolic  acid 

1-549 

Oil  of  bergamot . 

1-464 

Oil  of  anise  seed. 

1-557 

Paraffinum  liquidum  . 

1-471 

Oil  of  cinnamon  (or  cassia) 

1-567 

Olive  oil  . 

1-473 

Anilin  oil  . 

1-580 

Oil  of  turpentine 

1-473 

Sulphide  of  carbon  . 

1-630 

Glycerine,  "  concentrated  " 

1-473 

Tolu  balsam 

1-640 

Gilson's  Baume  an  Camsal 

1-478 

Monobromide  of  naphtha- 

Gilson's  Euparel 

1-483 

lin  

1-660 

Terpinol  .... 

1-484 

Solution  of  sulphur  in  sul- 

Castor oil  . 

1-490 

phide  of  carbon 

1-750 

It  will  be  seen  that  cedar  oil  has  nearly  the  index  of 
crown  glass  (this  is  true  of  the  oil  in  the  thick  state  to  which 
it  is  brought  by  exposui-e  to  the  air — not  of  the  new,  thin 
oil,  which  is  less  highly  refractive)  ;  it  therefore  clears  to 
about  the  same  extent  as  Canada  balsam.  Clove  oil  has  a 
much  higher  index,  and  therefore  clears  more  than  balsam  ; 
cinnamon  oil  higher  still.  Turpentine  and  bergamot  oil  have 
much  lower  indices,  and  therefore  clear  less. 

Wutei-y  Media. 

401.  Isotonic  and  "  Indifferent"  Liquids. — The  old  distinction 
of  "  Indifferent "  liquids,  and  those  which  have  some  action 
on  tissues,  appears  to  be  misleading  more  than  helpful ;  for 
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no  uiediinn  is  witliout  action  on  tissues  oxcept  tlie  plasma 
with  wliioh  tlioy  are  sun-ounded  during  the  life  of  the 
organism;*  and  this  plasma  itself  is  only  "indifferent" 
whilst  all  is  in  situ  ;  as  soon  as  a  portion  of  tissue  is  dissected 
out  and  transferred  to  a  slide  in  a  portion  of  plasma  the 
conditions  become  artificial. 

Water  may  be  employed  for  the  examination  of  structures 
that  have  been  well  fixed ;  but  this  is  by  no  means  applicable 
to  the  examination  of  fresh  tissues.  It  is  very  far  from 
being  an  "indifferent"  liquid;  many  tissue  elements  are 
greatly  changed  by  it  (nerve-end  structures,  for  instance), 
and  some  are  totally  destroyed  by  its  action  if  prolonged  (for 
instance,  red-blood  corpuscles). 

In  order  to  render  it  inoffensive  to  fresh  tissues  it  must 
have  dissolved  in  it  substances  of  similar  diff usibility  to 
those  of  the  liquids  of  the  tissue,  so  as  to  prevent  the  occur- 
rence of  osmosis,  to  which  process  the  destructive  action  of 
pure  water  is  mainly  due.  Now  cell  contents  are  a  mixture 
of  colloids  and  crystalloids  ;  consequently,  in  order  to  reduce 
osmotic  processes  to  a  minimum,  it  is  necessary  that  the 
examination  medium  contain  a  due  proportion  of  both 
crystalloids  and  colloids.  By  adding,  for  instance,  white  of 
egg  to  salt  solution  this  end  may  be  in  some  measure 
attained ;  and,  as  a  matter  of  fact,  the  liquids  recommended 
as  "indifferent"  are  generally  found  to  contain  both 
crystalloids  and  colloids.  Liquids  thus  composed,  in  which 
tissue-elements  are  in  osmotic  equilibrium— that  is,  neither 
swell  nor  shrink— are .  said  to  be  isotonic  to  the  tissues; 
whilst  those  in  which  they  shrink  are  called  hypertonic,  and 
those  in  which  they  swell  hypotonic.  Solutions  of  common 
salt,  in  different  concentrations,  form  the  base  of  the  most 
commonly  employed  isotonic  liquids.  For  marine  Inverte- 
brates, sea-water  is  generally  isotonic. 

402.  Salt  Solution  ("  normal  salt  solution,"  "physiological 
salt  solution").— 0-75  per  cent,  sodium  chloride  in  water. 
Carnoy  recommends  the  addition  of  a  trace  of  osmic  acid. 

Ringer's  solution,  much  used  in  physiology,  consists  of 
sodium  chloride  0  8  parts,  calcium  chloride  0-02,  potassium 
chloride  0-02,  sodium  bicarbonate  0-02  and  water  100  (with 
or  without  O'l  dextrose). 
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According  to  LoCKH  [Boston.  Med.  Burg.  Jourv.,  1896, 
p.  514)  there  should  be  added  to  salt  solution  (which  to  be 
isotonic  should  contain,  according  to  Hamburgrr,  0-9  to  1 
per  cent,  of  salt)— 0-01  per  cent,  chloride  of  potassium,  and 
0-02  per  cent,  chloride  of  calcium,  in  order  to  obtain  an 
"  indifferent "  liquid. 

Malassez  (C.  B.  8oc.  Biol,  iii,  1896,  pp.  504  and  511) 
takes  for  erythrocytes  about  1  per  cent,  sodium  chloride. 

Dekhuysen  [Onderz.  Phys.  Lab.  Leiden.,  1900,  p.  149) 
takes  for  blood  of  Rana  0"8  per  cent. 

For  Selachians,  Muskens  {Tijd.  Nederh.  Dierk.  Ver.,  1894, 
p.  314)  finds  2^  per  cent,  right;  and  Rodin  (Comjdes  Bend., 
1900,  p.  1009)  r5  to  2"6  per  cent.,  according  to  the  species. 

Engelmann  {Detttsch.  med.  Wochenschr.,  xxix,  1903,  p.  64), 
finds  that  0"9  per  cent,  is  isotonic  with  human  blood-serum, 
and  0'64  per  cent,  for  red  blood  corpuscles  of  the  frog. 

Kronecker's  "Artificial  Serum"  (from  Vogt  et  Yung 
Traite.  d'Anat.  Comp.  Prat.,  p.  473)  consists  of  common  salt 
6  parts,  caustic  soda  0"06,  distilled  water  1000. 

BoHM  und  Oppel  [Taschenhuch,  3  Aufl.,  p.  19)  take  car- 
bonate of  soda  instead  of  caustic  soda. 

403.  Pictet's  Liquid  [Mitth.  Zool.  Stat.  Neapel,  x,  1891, 
p.  89). — 5  to  10  per  cent,  solution  of  chloride  of  manganese. 
These  proportions  are  for  marine  animals,  and  for  terrestrial 
animals  will  generally  be  found  much  too  high.  For  these 
from  1  per  pent,  to  3  per  cent,  will  be  nearer  the  mark.  I 
find  this  liquid  excellent. 

404.  Aqueous  Humour,  Simple  White  of  Egg.- — Require  no 
preparation  beyond  filtering.  They  may  be  iodised  if  desired 
(see  next  §),  or  mixed  with  salt  solution. 

405.  Iodised  Serum. — Max  Schultze  [Virchow's  Ardiiv, 
xxx,  1864,  p.  263).  I  take  the  following  from  Ranvier 
[Traite,  p.  76). 

The  only  serum  that  gives  really  good  results  is  the  amniotic 
liquid  of  mammals.  Flakes  of  iodine  are  added  to  it,  and  the 
fliisk  frequently  agitated  for  some  days.  The  flask  should 
have  a  wide  bottom,  so  that  the  serum  may  form  only  a 
shallow  layer  in  it. 
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Another  metliod  is  as  follows  :  Serum  is  mixed  with  a 
largo  proportion  of  tincture  of  iodine  ;  the  precipitate  that 
forms  is  removed  by  filtration,  and  there  remains  a  strong 
solution  of  iodine  in  serum.  This  should  be  kept  in  stock, 
and  a  little  of  it  added  every  two  or  three  days  to  the 
serum  that  is  intended  for  use.  In  general  for  maceration 
purposes  a  serum  of  a  pale  brown  colour  should  be  em- 
ployed. 

406.  Artificial  Iodised  Serum  (Fkey,  Bas  Milcroscop ,  6  Aufl., 
1877,  p.  75). — Distilled  water  270  grms.,  white  of  egg  30, 
sodium  chloride  2'5.     Mix,  filter,  and  add  tincture  of  iodine. 

407.  Miqula's  Glycerized  Blood-serum  (see  the  paper  in  Zeit.  f. 
wiss.  Mile,  vii,  2,  1890,  p.  172). 

408.  Chloride  of  Calcium  (Habting,  Das  Mikroslcop,  2  Aufl.,  p.  297). 
— The  aqueous  solution,  either  saturated  or  diluted  with  4  to  8  parts  of 
water,  has  a  low  refractive  index  and  does  not  dry  up. 

409.  Acetate  of  Potash  (Max  Schultze,  .i^rc/i.  milt.  Anat.,y\i,\Sl% 
p  180). — A  nearly  saturated  solution  in  water.  The  index  of  refraction 
is  lower  than  that  of  glycerin. 

410.  Syrup. — A  good  strength  is  equal  pai-ts  of  loaf  sugar 
and  water.  Dissolve  by  boiling.  To  preserve  it  from 
mould,  chloral  hydi-ate  may  be  dissolved  in  it  (1  to  5  per 
cent.) — I  have  used  as  much  as  7  per  cent.,  and  found  no 
disadvantage — or  carbolic  acid  (1  -per  cent.). 

It  may  be  used  as  a  mounting  medium,  but  there  is  always 
risk  of  the  sugar  crystallising  out. 

Fabre-Domekgue  [Bull.  8oc.  Philomath,  ix,  1899,  p.  115) 
dissolves  200  parts  of  suger  in  400  of  water,  and  adds  1 
part  of  formaldehyde,  and  camphor  to  saturation. 

411.  Chloral  Hydrate. — 5  per  cent,  in  water  (Ladowsky, 
Arch.  f.  mik.  Anat.,  1876,  p.  359). 

Or,  2-5  per  cent,  in  water  (Brady,  British  Coijefods). 
Or,  1  per  cent,  in  water  (Munson,  Journ.  Boy.  Mic.  Soc, 
1881,  p.  847). 
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Mercurial  Liqiiids. 

(I  give  these  as  examination  media  only,  not  as  permanent  mounting  media. 
Media  containing  sublimate  always  end  hy  malting  tissues  granular.) 

413.  GtIlson's  Fluid  (Caenoy's  Biologle  cellulaire,  p.  94). 
Alcohol  of  60  per  cent.  .        .        .60  c.c. 

Water  30  „ 

Glycerin      .         .         .         .         .  30 
Acetic  acid  (15  parts  of  the  glacial 

to  85  of  water)         .        .        .      2  „ 
Bichloride  of  mercury  .         .         ,      0'15  grra. 

413.  Gagk's  Albumen  Fluid  {Zeif.  f.  tciss.  Mik.,  1886, 
p.  223). 

White  of  egg      .        .        .        .15  c.c. 

Water   200  „ 

Corrosive  sublimate       .         .         .       0'5  grm. 
Salt   ......       4  grras. 

Mix,  agitate,  filter,  and  preserve  in  a  cool  place.  Recom- 
mended for  the  study  of  red  blood-corpuscles  and  ciliated 
cells. 

4L4.  Pacini's  Fluids  {Journ.  de  Mi/c,  iv,  1880;  Jour n.  Boy.  Mic.  Soc, 
[N.S.]  ii,  1882,  p.  702,  and  early  editions  of  this  work). — Antiquated  and 
superfluous.  They  consist  essentially  of  corrosive  sublimate  of  from  one 
half  to  one  third  per  cent,  strength,  with  the  addition  of  a  little  salt  or 
acetic  acid. 

415.  Goad1?y's  Fluids  (Micro.  Diet.,  art.  "  Preservation,"  or  early 
editions  of  this  work). — Quite  unsuited  for  histological  purposes. 

Other  Fluiih. 

416.  Chloride  and  Acetate  of  Copper  (Ripaet  et  Petit's  fluid, 
see  §  90). 

417.  Tannin  (Oarnoy,  Biol.  Cellulaire,  p.  95).— Water  100  grms., 
powdered  tannin  0  40  grm.,  as  an  examination  medium  only. 

418.  Wickeksheimbr's  Fluid  [Zool.  Anz.,  1879,  p.  670).— Worthless 
for  histological  j)urposes. 

419.  Medium  of  Farrants  (Beale,  How  lo  Work,  etc., 
p.  58). — Picked  gum  arable  4  ozs.,  water  4,  glycerin  2. 
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See  also  the  Microgvaiihic  Dictionary,  and  A.  F.  Stanley 
Kent,  in  Journ.  Roy.  Mic.  8oc.,  1890,  p.  820. 

420.  Gum  and  Glycerin  Medium  (Langerhans,  Zool.  Anzeig.  ii, 

1879,  p.  575).  • 

Gumnii  arah.  .  .  •  •  .    5  U 

AquiB  .          •          •          •  •  .  5'0 

To  which  after  twelve  hours  are  added — 

Glycerini     .  .          •          •  •  .5-0 

Sol.  aquosa  acid,  corbal.  (SlOO)     .  .  •  10-0 

421.  Allen's  Gum  and  Glycerin.— Prof.  P.  J.  Allen  {in. 
litt.).  Solution  of  gum  arabic  of  the  consistency  of 
glycerin,  strained,  and  one  eighth  volume  of  glycerin  and 
one  twentieth  of  formol  gradually  incorporated.     Sets  hard. 

422  Hoyer's  Gum  with  Chloral  Hydrate  or  Acetate  of  Potash 
(Biol.  Centralh.,  ii,  1882,  pp.  23,  24).-A  high  60  c.c.  glass  with  a  wide 
neck  is  filled  two  thirds  full  with  gum  arabic  (in  pieces),  and  then  either 
a  solution  of  chloral  (of  several  per  cent.)  containing  5—10  per  cent,  of 
cvlycerin  is  added  or  officinal  solution  of  acetate  of  potash  or  ammoma. 
Filter  after  solution.  The  sohation  with  chloral  is  for  carmine  or 
hajmatoxylin  objects— that  with  acetate  for  anilin  objects. 

423.  Cole's  Gum  and  Syrup  Medium.   See  §  183. 

424.  Apathy's  Gum  and  Syrup  Medium  (see  §  343).— This 
medium  sets  very  hard  and  may  also  be  used  for  ringing 
glycerin  mounts. 

425  Fabre-Domeegde's  Glucose  Medium  {La  Nature,  No. 
823  9  Mars,  1889,  supp.).— Glucose  syrup  diluted  to  twenty- 
five  degrees  of  the  areometer  (sp.  gr.  1-1968)  1000  parts, 
methyl  alcohol  200,  glycerin  100,  camphor  to  saturation. 
The  glucose  is  to  be  dissolved  in  warm  water,  and  the  other 
ingredients  added.  The  mixture,  which  is  always  acid,  must 
be  neutralised  by  the  addition  of  a  little  potash  or  soda 
It  is  said  to  preserve  without  change  almost  all  animal 
figment  H. 

426  Brun's  Glucose  Medium  (from  Fabre-Domekgue's  Pre- 
miers '  Principes  clu  Microscope,  1889,  p.  123).-Distilled 
water  140  parts,  camphorated  spirit  10,  glucose  40, 
elvcerin  10  Mix  the  water,  glucose,  and  glycerin,  then 
add  the  spirit,  and  filter.    Henneguy  informs  me  that  this 
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liquid  preserves  the  colour  of  preparations  stained  with  anilin 

dyes,  methyl  green  included. 

427.  Levulose  is  recommended  by  Behrens,  Kossel  u.  Schief- 
FEEDECKER  (D«s  MUcroslcop,  etc.,  1889).  It  is  uncrystallisable,  and 
preserves  well  carmine  and  coal-tar  stains  (licematoxylin  stains  fade 
somewhat  in  it).  The  index  of  refraction  is  somewhat  higher  than  that 
of  glycerin.    Objects  may  be  In'onght  into  it  out  of  water. 

428.  Amann's  Lactophenol  (from  LangeroNj  C.  B.  8oc.  Biol, 
Iviiij  1905,  p.  750).— Carbolic  acid,  20;  lactic  acid,  20; 
glycerin,  40;  water,  20.  For  Nematodes,  Acarids,  etc. 
Add  gradually  drop  by  di-op  to  the  water  containing  the 
organisms.    Not  for  mounting.     Mount  in  glycerin  jelly. 

Glycerin  Media. 

429.  Glycerin. — Glycerin  diluted  with  water  is  frequently 
employed  as  an  examination  and  mounting  medium.  Dilution 
with  water  is  sometimes  advisable  on  account  of  the  increased 
visibility  that  it  gives  to  many  structures.  But  for  efficacious 
preservation  undiluted  glycerin,  the  strongest  that  can  be 
procured,  should  be  used  (see  Beale,  Hoiu  to  work,  etc.). 

For  closing  glycerin  mounts,  the  edges  of  the  cover  should 
first  (after  having  been  cleansed  as  far  as  possible  from  super- 
fluous glycerin)  be  painted  with  a  layer  of  glycerin  jelly  ;  as 
soon  as  this  is  set  a  coat  of  any  of  the  usual  cements  may  be 
applied.     See  next  chapter. 

Glycerin  dissolves  carbonate  of  lime,  and  is  therefore  to 
be  rejected  in  the  preparation  of  calcareous  structures  that 
it  is  wished  to  preserve. 

430.  Extra-refractive  Glycerin. — The  already  high  index  of  refrac- 
tion of  glycerin  (Price's  glycerin,  n  =  1'46)  may  be  raised  by  dissolving 
suitable  substances  in  it.  Thus  the  refractive  index  of  a  solution  of 
chloride  of  cadmium  (CdClj)  in  glycerin  may  be  1'504 ;  that  of  a 
saturated  solution  of  sulphocarbolate  of  zinc  in  glycerin  may  be  I'SOl ; 
that  of  a  saturated  solution  of  Scheeing's  chloral  hydrate  (in  crusts)  in 
glycerin  is  1'510  :  that  of  iodate  of  zinc  in  glycerin  may  be  brought  up 
to  1"56.  For  fiu'ther  details  see  previous  editions,  or  Journ.  Boy.  Mic. 
Soc.,  u,  1879,  p.  346  ;  iii,  1880,  p.  1051 ;  (N.S.),  i,  1881,  pp.  943  and  366. 

431.  Glycerin  and  Alcohol  Mixtures. — These  aiford  one  of 
the  best  means  of  bringing  delicate  objects  gradually  from 
weak  into  strong  glycerin.  The  object  is  mounted  in  a  drop 
of  the  liquid,  and  left  for  a  few  hours  or  days,  the  mount  not 
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being  closed.  By  the  evaporation  oi"  the  alcohol  the  liquid 
gi-adually  increases  in  density^  and  after  some  timo  the  mount 
may  be  closed,  or  the  object  brought  into  pure  glycorjn  or 
glycerin  jelly. 

1.  Caldbirla's  Liquid  {Zeit.   winn.  ZuoL,  xxx,  1878,  p. 
442). — Glycerin  1  part,  alcohol  2,  water  3. 

2.  I  strongly  recommend  the  following  for  very  delicate 
objects: — Glycerin  1  part,  alcohol  1,  water  2. 

3.  Hantsch's  Liquid. — Glycerin  1  part,  alcohol  3,  water  2. 

4.  Jagise's  Liquid  (Vogt  and  Yung's  TraiU  d'Anat.  comf. 
prat.,  p.  16). — Glycerin  1  part,  alcohol  1,  sea  water  10. 

Glycerin  Jellies. 

432.  Glycerin  Jellies  have  a  higher  index  than  pure  glycerin, 
and  set  hard  enough  to  make  luting  unnecessary,  though  it 
is  well  to  varnish  the  mount.  To  use  them,  you  melt  a  small 
portion  on  a  slide,  introduce  the  object  (previously  soaked  in 
water  or  glycerin),  and  cover.  They  seem  very  plausible, 
but  for  delicate  work  I  do  not  recommend  them,  and  should 
advise  instead  either  pure  glycerin  or  euparal. 

433.  Lawrence's  Glycerin  Jelly  (Davies,  Preparation  and 
Mounting  of  Microscopic  Objects,  p.  84).— Soak  some  gelatin 
for  two  or  three  hours  in  cold  water,  pour  off  the  superfluous 
water,  and  heat  until  melted.  To  each  fluid  ounce  of  the 
gelatin,  whilst  it  is  fluid  hut  cool,  he  adds  a  fluid  drachm  of 
the  white  of  an  egg.  Boil  until  the  albumen  coagulates  and 
the  gelatin  is  quite  clear,  and  to  each  ounce  of  the  solution 
add  6  drachms  of  a  mixture  composed  of  1  part  of  glycerin 
to  2  parts  of  camphor  water. 

434.  Brandt's  Glycerin  Jelly  [Zeit.  wiss.  Mile,  ii,  1880,  p. 
69).— Melted  gelatin  1  part,  glycerin  1^  parts.  The  gelatin 
to  be  soaked  in  water  and  melted  as  above.  After  incor- 
porating the  glycerin,  filter  through  spun  glass  pressed  into 
the  lower  part  of  a  funnel.  He  describes  a  simple  arrange- 
ment for  keeping  the  funnel  warm  during  the  filtering  (see 
early  editions).  Some  drops  of  carbolic  acid  should  be 
added. 

435.  Kaiser's  Glycerin  Jelly  has  been  given  §  155, 
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436.  Squirk's  Glycerin  Jelly  (Squire's  Methnls  and 
Furmulx,  etc.,  p.  84). — Soak  100  grms.  of  French  gelatin  in 
chloroform  wator^  drain  when  soft^  and  dissolve  with  heat  in 
750  grms.  of  glycerin.  Add  400  grins,  of  chloroform  water 
with  which  has  been  incorporated  about  50  grms.  of  fresh 
egg-albumen ;  mix  thoroughly,  and  heat  to  boiling-point  for 
about  five  minutes.  Make  up  the  total  weight  to  1550  grms. 
with  chloroform  water.    Filter  in  a  warm  chamber. 

437.  Heidenhain  {Zeit.  wiss.  Mtk,  xx,  1905,  p.  328)  takes 
of  gelatin  9  parts,  glycerin  7,  and  water  42,  and  to  the 
filtrate  adds  drop  by  drop  14  parts  of  ab.solute  alcohol. 

438.  Fischer  (ibid.,  xxix,  1912,  p.  65)  takes  5  grms.  of 
borax  disolved  in  240  c.c.  of  water  and  adds  25  c.c.  of 
glycerine.  To  this  he  adds  40  grms.  of  gelatin,  dissolves 
with  heat,  and  continues  to  heat  gently  until  the  solution  has 
somewhat  thickened.  This  remains  fluid  at  ordinary 
temperatures. 

439.  Gilson's  Chloral  Hydrate  Jelly  (communicated  by 
Gilson). — 1  vol.  of  gelatin,  melted  secunduvi  arlem,  and 
1  vol.  of  Price's  glycerin.  Mix,  and  add  crystals  of  chloral 
hydrate  until  the  volume  has  increased  by  one  half  j  warm 
till  dissolved.    This  gives  a  very  highly  refractive  medium. 

Geoffeoy,  Journ.  de  Botan.,  1893,  p.  55  (see  Zeit  wiss.  Mile, 
ix,  1893,  p.  ^76)  dissolves,  by  the  aid  of  as  little  heat  as 
possible,  3  to  4  grms.  of  gelatin  in  100  c.c.  of  10  per  cent, 
aqueous  solution  of  chloral  hydrate. 

Eigh  Refractive  Liquids. 

440.  Stephenson's  Biniodide  of  Mercury  and  Iodide  of  Potas- 
sium {Journ.  Roy.  Mic.  8oc.  [N.  S.],  ii,  1882,  p.  167).— A 
solution  prepared  by  adding  the  two  salts  to  water  until 
each  is  in  excess ;  the  liquid  will  then  be  found  to  have  a 
refractive  index  of  1-68.  (If  [Amann,  Zeit.  iviss.  Mih.,  xiii, 
1896,  p.  21]  glycerin  be  taken  instead  of  water,  it  rises  to 
1-78  or  1-80.  Beiiuens  [Tabellen,  1898,  p.  71]  takes  binio- 
dide 65  parts,  iodide  50,  and  water  25.    n  =  1-71.)  Any 
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lower  index  can  bo  obtained  by  suitable  dilution  with  water. 
This  fluid  is  very  dense,  its  specific  gravity  being  3-02.  It 
is  highly  antiseptic. 

For  marine  animals  a  weak  solution  is  probably  well 
adapted,  as  about  a  1  per  cent,  solution  (5  minims  to  the 
ounce)  will  give  the  specific  gravity  of  sea  water. 

Covers  should  be  sealed  with  white  wax,  and  the  mounts 
finished  with  two  or  three  coatings  of  gold  size  and  one  of 
shellac. 

I  have  experimented  both  with  strong  and  with  weak 
solutions.  They  are  not  adapted,  I  find,  for  the  purposes  of 
a  permanent  mounting  medium,  for  the  preparations  are  ruined 
by  a  precipitate  which  forms  in  the  fluid.  But  as  a  tempo- 
rary examination  medium  I  have  occasionally  found  this 
solution  valuable.  Its  optical  properties  are  wonderful ;  it 
allows  of  the  examination  of  watery  tissues,  without  any 
dehijdration,  in  a  medium  of  refractive  index  surpassing  that 
of  any  known  resinous  medium. 

See  further  details  in  early  editions. 

441.  Monobromide  of  Naplithalin.— See  Journ.  Boy.  Mic.  Soc, 
1880,  p.  1043  (Abbe  and  "Van  Hetteck),  and  Zool.  Anz.,  1882,  p.  555 
(Max  Flesch). 

Resinous  Media. 

442.  Eesins  and  Balsams.— Resins  and  balsams  consist  of  a 
vitreous  or  amorphous  substance  held  in  solution  by  an  essen- 
tial oil.  By  distillation  or  drying  in  the  air  they  lose  the 
essential  oil  and  pass  into  the  solid  state.  It  is  these  solidi- 
fied resins  that  should  be  employed  for  microscopical  pur- 
poses •  for  the  raw  resins  always  contain  a  certain  proportion 
of  water,  which  makes  ifc  difficult  to  obtain  a  clear  solution 
with  the  usual  menstrua,  is  injurious  to  the  optical  properties 
of  the  medium  and  to  the  preservation  of  stains.  All  solutions 
should  therefore  be  made  by  heating  gently  the  balsam  or 
resin  in  a  stove  until  it  becomes  brittle  when  cold,  and  then 
dissolving  in  an  appropriate  menstruum. 

Solutions  made  with  volatile  menstrua,  such  as  xylol  and 
chloroform,  set  rapidly,  but  become  rapidly  brittle.  Solutions 
made  with  non-volatile  media,  such  as  turpentine,  set  much 
less  rapidly,  and  pass  much  less  rapidly  into  the  brittle  state. 
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Turpentine  media  preserve  the  index  of  visibilih/  of  the 
preparations  much  longer  than  do  media  made  with  more 
volatile  menstrua.  Preparations  made  with  these  often 
become  so  transparent  in  course  of  time  that  much  fine  detail 
is  often  lost.  (Such  mounts  may,  however,  be  revivified 
without  removing  the  cover  by  putting  them  for  a  day  or  two 
into  a  tube  of  benzol ;  the  benzol  penetrates  the  balsam,  and 
brings  it  down  to  a  lower  refractive  index.) 

For  a  permanent  mounting  medium  of  somewhat  low  index 
I  unhesitatingly  recommend  Eiiparal.  For  cases  in  which  a 
still  lower  index  is  desired,  Gilson's  camsal  halsavi.  Tiirpen- 
tine  colophonmm  is  a  safe  and  excellent  medium,  but  is 
injurious  to  alum-hsemafcein  stains.  For  these,  and  in  general 
where  a  strongly  clearing  medium  is  desired,  xylol  balsam 
is  about  the  most  recommendable,  though  it  is  not  perfectly 
safe,  the  mounts  sometimes  developing  granules.  Seiler's 
alcohol  baham  is  a  fine  medium,  and  perfectly  stable.  Oil  of 
cedar  is  sometimes  useful,  it  keeps  perfectly,  and  with  time  it 
thickens  sufficiently  to  hold  the  cover  in  place;  or  if  desired, 
preparations  may  be  luted  with  Bell's  cement. 

443.  Canada  Balsam. — Prepare  with  the  solid  balsam  as 
described  last  §.  The  usual  menstrua  are  xylol,  benzol, 
chloroform,  and  turpentine.  Turpentine  has  the  advantages 
pointed  out  last  §,  but  the  defect  that  it  does  not  always 
give  a  homogeneous  solution  with  Canada  balsam,  as  it  does 
with  colophonium.  For  most  purposes  the  xylol  sohdioii  is  the 
best.  If  time  be  an  object,  a  benzol  solution  should  be  pre- 
ferred, as  it  sets  much  quicker  than  the  xylol  solution.  The 
chloroform  solutions  become  very  brown  with  age,  and  are 
injurious  to  stains  made  tcith  tar  dyes.  Benzol  is  good  when 
chemically  pure  and  free  from  tenter. 

Sahli  {Zeit.  u-iss.  Mik.,  ii,  1885,  p.  5)  dissolves  in  cedar 
oil. 

Apathy  {Fauna  Flora  Golf.  Neapcl,  xxii,  1909,  p.  18) 
takes  balsam  2  parts,  cedar  oil  (immersion)  1,  and  chloro- 
form ] . 

Samples  of  balsam  that  are  acid  are  frequently  met  with,  and  are 
injurious  to  some  stains.  Griiblev  &  Hollliorn  now  prepare  a  neutral 
balsam,  in  which  Mayer  has  found  that  very  delicate  preparations,  that 
lost  colour  immediately  in  any  other  sort  of  balsam,  have  kept  perfectly 
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for  many  niontlis.  For  a  process  of  neutralising  balsam  with  carbonate 
of  soda  or  potash  see  Colucci  (Giorn.  Asa.  Med.  Natural  Nanoli  vii 
1897,  p.  172).  '  ' 

444.  Seilek's  Alcohol  Balsam  {Proc.  Amev.  8oe.  Mic,  188], 
pp.  60-2;  Jo^^rn.  Boy.  Mic.  Soc.  [N.S.],  ii,  1882,  pp.  126-7).— 
Dissolve  solid  balsam  in  warm  absolute  alcohol,  and  filter 
througli  absorbent  cotton.  Objects  may  be  mounted  in 
it  direct  from  ahsolute  ah  oliol.  I  find  it  for  most  purposes 
admirable.  It  is  one  of  the  most  stable  solutions  hiown  to 
nie.  Care  should  be  taken  not  to  breathe  on  it,  as  this  may 
cause  cloudiness. 

445.  Damar  (Gum  Damar,  or  Dammar,  or  d'Ammar).— The 
menstrua  are  the  same  as  for  balsam.  I  find  xylol  the  best.  For  direc- 
tions for  preparing  sohitions,  l)y  various  authors,  see  early  editions. 
After  ample  experience  I  am  conviuced  that  not  one  of  these  solutions 
can  he  depended  on  for  permanent  preservation.  Sooner  or  later,  some- 
times after  a  few  weeks  or  days,  or  it  may  be  only  after  months  or  years, 
granules  make  their  appearance  in  the  mounts. 

446.  Colophonium. — A  solution  of  pale  colophonium  in  oil 
of  turpentine  keeps  well  and  gives  very  good  definitions. 
The  solution  should  not  be  too  thick,  as  it  thickens  with 
age. 

This  medium  drys  very  slowly  (so  that  ample  time  is 
afforded  for  arranging  objects  in  it).  In  the  winter  a  slide 
will  take  about  a  month  before  it  will  be  hard  enough  to  be 
safe  with  oil-immeraion  lenses;  whereas  an  alcohol-balsam 
mount  will  be  dry  enough  in  a  couple  of  days.  It  injures 
alum-liaamatein  stains  ;  but  with  these  exceptions  I  find  it  a 
most  excellent  medium. 

ft 

Rehm  {Zeit.  iviss.  Mile,  ix,  1893,  p.  387)  dissolves  1  part  coloi^honium 
in  10  of  henzin.  Solutions  in  chloroform  or  xylol  are  also  used  by  some, 
see  NiSSL  in  Encycl.  mih.  Techn.,  ii,  p.  274. 

447.  Venice  Turpentine  (Vosselee,  Zeit.  wiss.  Mik.,  vi,  1889,  p. 
292,  et  seq.). — Commercial  Venice  turpentine  is  mixed  in  a  tall  cylinder 
glass  with  an  equal  volume  of  96  per  cent,  alcohol,  allowed  to  stand  in 
a  warm  place  for  tkree  or  four  weeks,  and  decanted.  Preparations  may 
be  mounted  in  this  medium  direct  fi-om  absolute  alcohol.  Celloidin 
sections  can  be  mounted  direct  from  96  per  cent.  Stains  keep  well, 
according  to  Vosselbr,  but  Mayer  finds  ha^malum  stains  fade  in  it. 

Stjchannek  {ibid.,  vii,  1896,  p.  463)  prepares  it  with  equal  parts  of 
Yenice  tiarpentine  and  ncuf.ral  absolute  alcohol. 
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448.  Thickened  Oil  of  Turpentine  has  been  used  as  a  mount- 
ing medium  by  some  workers.  To  prepare  it,  pour  some  oil 
into  a  plate,  cover  it  lightly  so  as  to  protect  it  from  dust 
without  excluding  the  air,  and  leave  it  until  it  has  attained  a 
syi'upy  consistency. 

449.  Gilson's  Sandarac  Media  {La  Cellule,  xxiii,  1906,  p. 
4"27  :  the  formuliB  have  not  been  published,  on  account  of 
the  extreme  difficulty  of  preparation,  but  the  products  are 
on  sale  by  Grlibler  &  Hollborn,  even  if  not  listed).  There 
are  three  of  these.  They  are  all  of  them  solutions  of  gum 
Sandarac  in  "  Camsal  "  and  other  solvents  ("  Camsal "  is  a 
liquid  formed  by  the  mutual  solution  of  the  two  solids  salol 
and  camphor). 

(1)  Camsal  balsam  (baume  au  camsal),  propylic  alcohol  formula ; 

a  mixture  of  sandarac,  camsal,  and  propylic  alcohol,  n  — 
1-478. 

(2)  Camsal  balsam,  isobutylic  alcohol  formula,  n  =  1'485. 

(3)  Euparal,  a  mixture  of  camsal,  sandarac,  eucalyptol,  and 
paraldehyde,  n  =  1'483.  There  are  two  sorts  of  this,  the 
colourless  and  the  green  (''euparal  vert"),  the  latter  con- 
taining a  salt  of  copper,  which  intensifies  h sematoxylin 
stains. 

Objects  may  be  prepared  for  mounting  in  camsal  balsam 
by  a  bath  of  propylic  or  isobutylic  alcohol  ;  and  for  euparal 
by  a  bath  of  the  special  solvent  (supplied  by  Griibler  & 
Hollborn  under  the  name  of  "  essence  d'euparal  ").  But  this 
is  oiot  vecehary.  Objects  may  always  be  mounted  direct 
from  absolute  alcohol,  and  even  at  a  finch  from  alcohol  of  70 
fer  cent.  I  myself  generally  prefer  alcohol  of  95  per  cent, 
(absolute  is  dangerously  volatile  for  sections).  In  difficult 
cases  you  may  pass  through  a  mixture  of  the  medium  and 
the  solvent. 

These  media  vorlc  rery  Mndly,  and  do  not  dry  too  rapidly. 
They  are  vot  (xidant,  and  preserve  delicate  stains  (perfectly, 
so  far  as  I  know).  The  mounts  seem  to  keep  perfectly, 
without  scaling  :  all  of  mine,  the  oldest  being  eight  years 
old,  have  kept  without  the  slightest  deterioration  in  any 
r  espect. 

The  primary  intention  of  these  media  is  to  spare  delicate 
objects   the  usual    treatment   with    absolute    alcohol  and 
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essential  oils.  But  they  have  aiiotliev  useful  property — 
their  low  index  of  refraction.  I  find  that  that  of  euparal  is 
just  right  for  most  delicate  cytological  researclies,  giving 
just  the  desired  increase  of  visibility  to  unstained  elements. 
Thus  I  frequently  find  that  unstained  spindles  which  are 
totally  invisible  in  balsam  become  strongly  visible  in 
the  most  minute  details  in  euparal.  The  camsal  balsam, 
11  =  1'478,  I  have  also  sometimes  found  valuable,  but  its 
index  is  a  little  too  low  for  most  things,  and  I  generally 
prefer  euparal,  which  I  find  I  am  now  using  almost  as  much 
as  balsam.  I  consider  that  all  the  media  which  have  been 
recommended  on  the  score  of  a  slightly  lower  index  than 
balsam,  such  as  damar,  colophonium,  Venice  turpentine, 
castor-oil,  are  now  superseded  by  these  media. 

450.  Sandarac  (Latdowsky,  from  Bef.  Handhoolc  Med.  Sci.,  Supp.  p. 
438).  — Gum  sandarac  30  grs.,  absolute  alcohol  50  c.c.  Not  ti-ustworthy, 
the  mounts  scale  Ijadly. 

451 .  Photographic  Negative  Varnish  (for  mounting  large  sections 
■without  cover-glasses). — See  Weigekt,  Zeit.  wiss.  Mile,  iv,  1887,  p.  209. 

452.  Castor  Oil.— See  Gebnachee,  Ahhandl.naturf.  Ges.  Halle-a.-8., 
Bd.  xvi;  Zeit.  wiss.  Mile,  1885,  p.  244.  I  have  not  had  good  results 
with  it. 

453.  Terpinol.— ?i  =  1-484.    See  §  131. 

454.  Parolein  (a  pure  form  of  paiuffinum  liquidum)  is  recom- 
mended by  Coles  (Lancet,  1911,  p.  878)  as  being  quite  neutral  and 
preserving  certain  coal  tar  stains.  Ring  mounts  with  Apathy's  gum 
syrup,  §  343.    Its  index  is  1-471,  which  I  find  too  low  for  most  things. 

455.  Cedar  Oil.— See  §  442,  suh.  fin. 

456.  Gum  Thus,  dissolved  in  xylol,  is  recommended  by  Eisen,  Zeit. 
wiss.  Mile,  xiv,  l897,  p.  201. 

457.  Styrax  and  Liquidambar.— See  Joimi.  Boy.  Mic.  Soc,  1883,  p. 
741 ;  ib.,  1884,  pp.  318,  475,  655,  and  827 ;  and  the  places  there  quoted. 
Also  Bull.  Soc.  Beige  de  Mic,  1881,  p.  178 ;  and  FoL,  Lehi-h.,  p.  141. 
These  are  very  highly  refractive  media,  therefore  seldom  laseful  in 
histology. 
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CEMENTS  AND  VABNISHES. 

458.  Introduction. — Two^  or  at  most  three,  of  tlie  media 
given  below  will  certainly  be  found  sufficient  for  all  useful 
purposes.  For  many  years  I  have  used  only  one  cement 
(Bell's).  I  recommend  this  both  as  a  cement  and  varnish  ; 
gold  size  may  be  found  useful  for  turning  cells  ;  and  Miller's 
caoutchouc  cement  may  be  kept  for  occasions  on  which  the 
utmost  solidity  is  required.  Marine  glue  is  only  necessary 
for  making  glass  cells. 

For  the  operations  of  mounting  in  fluids,  and  of  making 
cells  and  ringing,  see  Carpenter's  The  Microscope. 

Carpenter  lays  great  stress  on  the  principle  that  the 
cements  or  varnishes  used  for  fluid  mounts  should  always  be 
such  as  contain  no  mixture  of  solid  particles,  for  those  that 
do  always  become  porous  after  a  certain  lapse  of  time.  All 
fluid  mounts  should  have  the  edges  of  the  cover  carefully  dried 
and  be  ringed  icith.  glycerin  jelly  before  applying  a  cement ; 
hy  this  meantt  all  danger  of  running  in  is  done  aioay  ivith. 
See  §§  460  and  461.  But  no  method  yet  devised  will  make 
a  glycerine  mount  absolutely  permanent. 

See  also  Aubert,  The  Microscope,  xi,  1891,  150,  and  Journ. 
Roy.  Mic.  8oc.,  1891,  p.  692  ;  Beck,  The  Microscope,  xi,  1891, 
pp.  338,  368,  and  Journ.  Roy.  Mic.  Soc,  1892,  p.  293  ; 
Behrens'  Tabellen  zum  GebraiLch  bei  mihroshopischen  Arbeiten 
(Bruhn,  Braunschweig,  1892)  ;  Eousselet,  Juimi.  Queh.  Mic. 
Club,  vii,  1898,  p.  93  ;  and  as  to  the  comparative  tenacity  of 
divers  cements,  Behrens,  Zeit  iviss.  Mih.,  ii,  1885,  p.  54,  and 
Aubert  Amer.  Mon.  Mic.  Journ.,  1885,  p.  227;  Journ.  Roy. 
Mic.  Soc,  1886,  p.  173. — Behrens  gives  the  palm  to  amber 
vai'nish  ;  Aubekt  places  Miller's  caoutchouc  cement  at  the 
head  of  the  list,  Lovett's  cement  coming  halfway  down,  and 
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zinc  wliito  cement  at  the  bottom,  witli  less  tlian  one  quarter 
the  tenacity  of  the  caoutchouc  cement. 

459.  Paraffin. — Temporary  mounts  may  be  closed  with 
paraffin,  or  white  wax,  by  applying  it  with  a  bent  wire,  as 
described  §  411,  and  be  made  more  or  less  permanent  by 
varnishing. 

460.  Gelatin  Cement. — Marsh's  Section-mtting,  2nd  ed., 
p.  104). — Take  half  an  ounce  of  Nelson's  opaqne  gehitin, 
soak  well  in  water,  melt  in  the  usual  way,  stir  in  3  drops  of 
creasote.    It  is  used  warm. 

When  the  ring  of  gelatin  has  become  quite  set  and  dry,  it 
may  be  painted  over  with  a  solution  of  bichromate  of  potash 
made  by  dissolving  10  grains  of  the  salt  in  an  ounce  of  water. 
This  should  be  done  in  daylight,  in  order  to  render  the  gelatin 
insoluble.  The  cover  may  then  be  finished  with  Bell's 
cement.  This  process  is  particularly  adapted  for  glycerin 
mounts, 

461.  The  Paper  Cell  Method. — By  means  of  two  punches  I 
cut  out  rings  of  paper  of  about  a  millimetre  in  breadth,  and 
of  about  a  millimetre  smaller  in  diameter  than  the  cover- 
glass.  Moisten  the  paper  ring  with  mounting  fluid,  and 
centre  it  on  the  slide.  Fill  the  cell  thus  formed  with 
mounting  fluid  ;  arrange  the  object  in  it ;  put  the  cover  on ; 
fill  the  annular  space  between  the  paper  and  the  margin  of 
the  cover  with  glycerin  jelly  (a  turn-table  may  be  useful  for 
this)  ;  and  as  soon  as  the  gelatin  has  set  turn  a  ring  of  gold- 
size  on  it,  and  when  that  is  quite  dry,  varnish  with  Bell's 
cement. 

For  greater  safety,  the  gelatin  may  be  treated  with  bich- 
romate, according  to  Maush's  plan,  last  §. 

462.  Eoussiclet's  Method  for  Aqueous  Mounts  [ojx  cit.,  §  458). 
— Close  the  mount  with  a  ring  of  a  mixture  of  two  parts 
of  a  solution  of  damar  in  benzol  and  one  part  gold-size. 
When  dry,  put  on  three  or  four  thin  coats  of  pure  gold-size 
at  intervals  of  twenty-four  hours,  nnd  finish  with  a  ring  of 
Wahd's  brown  cement. 


463.  Ward's  Brown  Cement  is  a  shellnc-alcohol  solution 
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made  by  E.  Ward,  Oxford  Road,  Manchester.  Its  best  sol- 
vent is  a  mixture  of  wood-naplitha  and  alcoliol.  Eodsselet 
considers  it  the  best  shellac  varnish  ho  has  met  with,  better 
than  Bell's. 

464.  Bell's  Cement.— Composition  unknown.  May  be  ob- 
tained from  the  opticians,  or  from  J.  Bell  &  Co.,  chemists, 
338,  Oxford  Street,  London.  This  varnish  sets  quickly. 
The  cover  should  be  ringed  with  glycerin  jelly  before  apply- 
ing the  varnish,  especially  with  glycerin.  It  is  soluble  in 
ether  or  chloroform.     It  is  not  attacked  by  oil  of  cedar. 

465.  Miller's  Caoutchouc  Cement. — Composition  unknown. 
May  be  obtained  from  the  opticians.  A  veiy  tenacious  and 
qiiickly  drying  cement.  It  may  be  diluted  by  a  mixture  of 
equal  parts  of  chloroform  and  strong  alcohol  (see  Rousselet, 
Joiirn.  Quelc.  Club.,  r,  ii,  1895,  p.  8). 

466.  Clarke's  Spirit-proof  Cement. — Mr.  Ch.  RotrssELET  has 
highly  recommended  this  to  me.  It  may  be  procured  from 
Mr.  J.  Bolton,  26,  Balshall  Heath  Road,  Birmingham. 

Rousselet  finds  it  the  best  he  has  tried  for  alcoholic 
liquids,  but  not  perfectly  proof  against  watery  media. 

467.  Asphalt  Varnish  {Bitume  de  Juclee). — Unquestionably 
one  of  the  best  of  these  media,  either  as  a  cement  or  a  varnish, 
jiTovidecl  it  &e  procured  of  good  qiialUy.  It  can  be  procured 
from  the  opticians. 

468.  Brunswick  Black. — See  early  editions,  or  Beale,  Hovi  to 
Worh,  etc.,  p.  49. 

469.  Gold- Size. — Best  obtained  from  the  opticians.  It  is 
.soluble  in  oil  of  turpentine.  A  good  cement,  when  of  good 
quality,  and  very  useful  for  turning  cells. 

470.  Marine  Glue. — Found  in  commerce.  Carpenter  says 
the  best  is  that  known  as  G  K  4.  Best  obtained  from  the 
opticians.  It  is  soluble  in  ether,  naphtha,  or  solution  of 
potash.     Its  use  is  for  iiKaching  glnss  cells  to  slides,  and  for 
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all  cases  in  wliicli  ib  is  desired  to  cement  glass  to  glass. 
Used  warm. 

471.  Turpentine,  Venice  Turpentine  (Csokor,  Arch.  mile. 
Anat.,  xxi,  1882,  p.  353  ;  Parker,  Amer.  Mon.  Mik.  Joiirn., 
\\,  1881,  pp.  229-30). — Venice  turpentine,  or  common  resi- 
nous turpentine,  evaporated  by  lieat  until  brittle  on  cooling. 
It  is  used  for  closing  glycerin  mounts  in  the  following 
manner  :  Square  covers  ai'e  used,  and  superfluous  glycerin  is 
cleaned  away  from  the  edges  in  the  usual  way.  The  cement 
is  then  put  on  with  a  piece  of  wire  bent  at  right  angles  ; 
the  short  arm  of  the  wire  should  be  just  the  length  of  the 
side  of  the  cover-glass.  The  wire  is  heated  in  a  spirit  lamp, 
plunged  into  the  cement,  some  of  which  adheres  to  it,  and 
then  brought  down  flat  upon  the  slide  at  the  margin  of  the 
cover.  The  turpentine  distributes  itself  evenly  along  the 
side  of  the  cover,  and  hardens  immediately,  so  that  the  slide 
may  be  cleaned  as  soon  as  the  four  sides  are  finished.  It 
is  claimed  for  this  cement  that  it  is  perfectly  secure  and 
never  runs  in.     It  sets  hard  in  a  few  seconds. 

472.  Colophonium  and  Wax  (Kbonig,  Arch.  mik.  Anat.,  1886, 
p.  657). — Seven  to  9  parts  of  colophonium  are  added  piece- 
meal to  2  parts  of  melted  wax,  the  whole  filtered  and  left 
to  cool.  For  use,  the  mass  is  melted  by  placing  the  contain- 
ing vessel  in  hot  water.  The  cement  is  not  attacked  by  water, 
glycerin,  or  caustic  potash. 

VossELER  (Zeit.  ifiss.  Mik.,  vii,  1891,  p.  462)  takes  1  part 
of  Venice  tui'pentine  to  2  to  3  of  white  wax. 

473.  Apathy's  Cement  for  Glycerin  Mounts  {Zeit.  wiss.  Mik., 
vi,  1889,  p.  171).— Equal  parts  of  hard  (60°  0.  melting-point) 
paraffin  and  Canada  balsam.  Heat  together  in  a  porcelain 
capsule  until  the  mass  takes  on  a  golden  tint  and  no  longer 
emits  vapours  of  turpentine.  Used  by  warming  and  apply- 
ing with  a  glass  rod  or  brass  spatula.  One  application  is 
enough.     Does  not  run  in,  and  never  cracks. 

474.  Canada  Balsam,  or  Damar. — Cells  are  sometimes  made  witb 
these.  They  are  elegant,  but  iu  my  exijerience  are  not  reliable  for  per- 
manent mounts. 

475.  Amber  Varnish.— BicHRENS  finds  this  cement  to  possess 
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an  extremo  tenacity.  That  used  by  liim  may  be  obtained 
from  Griibler  &  Hollborn. 

476.  Amber  and  Copal  VarniBli  (He-xdeueeich,  Zcit.  wiss.  Mile, 
1885,  p.  338) —Extremely  complicated. 

477.  Shellac  Varnish  (Beale,  p.  28).— A  thick  solution  of  shellac  in 
alcohol.  The  Micro.  Dictionary  says  that  the  addition  of  20  drops  of 
castor  oil  to  the  ounce  is  an  improvement.  Untrustwortliy. 

478.  Sealing- Wax  Varnish  {Micro.  Diet.,  "  Cements ").— Add 
enough  spirit  of  wine  to  cover  coarsely  powdered  sealing-wax,  and  digest 
at  a  gentle  heat.  This  should  only  be  used  as  a  varnish,  never  as  a 
cement,  as  it  is  apt  to  become  brittle  and  to  lose  its  hold  upon  glass 
after  a  time. 

479.  Tolu  Balsam  Cement  (Oarnoy's  Biul.  Cell,  p.  129). — 
Tolu  balsam^  2  parts,  Canada  balsam  1,  saturated  solution 
of  shellac  in  chloroform,  2  parts.  Add  enough  chloroform 
to  bring  the  mixture  to  a  syrupy  consistence.  Carnoy 
finds  this  cement  superior  to  all  others. 
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INJECTION — GELATIN    MASSES  (wAEM). 

480.  Introduction.— Injection  masses  are  composed  of  a 
coloured  substance  called  the  coloioring  mass,  and  of  a  sub- 
stance with  which,  that  is  combined  called  the  vehicle. 

For  instructions  as  to  the  operation  of  injecting^  and  the 
necessary  apparatus,  see  the  Micrographic  Dictionary,  Ruthek- 
fokd's  and  Schafer's  Practical  Histology,  the  treatises  of 
Robin  and  Ranviee,  Bbale's  How  to  Work  with  the  Micro- 
scope, the  Lehrhuch  der  vergleiclienden  Mikroscopischen  Ana- 
tomic of  FoL,  and  (for  apparatus  especially)  the  article  in  the 
Encijcl.  d.  mik.  Technik.  For  injections  for  the  study  of  the 
angiology  of  Vertebrates  the  practice  of  Robin  and  Ranvier 
may  safely  be  followed.  For  injections  of  Invertebrates  (and 
indeed,  for  vertebrates  if  it  is  desired  to  demonstrate  the 
minute  structure  of  environing  tissues  at  the  same  time  as 
the  distribution  of  vessels)  masses  not  containing  gelatin 
are,  I  think,  generally  preferable  to  gelatin  masses ;  and  I 
would  reconjmend  as  particularly  convenient  the  Prussian 
blue  glycerin  masses  of  Bbale.  Grlycerin  masses  have  the 
great  advantage  that  they  are  used  cold. 

All  formulee  which  only  give  opaque  masses,  or  are  only 
suitable  for  coarse  injections  for  naked  eye  study,  have  been 
suppressed. 

481.  Vaso-dilators.— In  order  that  an  injection  may  run 
freely  it  is  necessary  that  the  vessels  of  the  subject  be  in  a 
relaxed  state.  To  this  end  the  older  anatomists  used  to  wait 
until  rigor  mortis  had  passed  olf  before  injecting.  But  it  is 
evidently  preferable  in  the  interest  of  the  proper  preservation 
of  the  tissues  to  inject  before  rigor  mortis  has  set  in.  Un- 
fortunately, when  this  is  done,  it  is  found  that  most  injection- 
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masses — glycerin  masses  especially — stimulate  the  contraction 
of  the  vessels,  so  that  frequently  it  is  very  difficult  to  get  the 
injection  in.  In  these  cases  it  may  be  advisable  to  use  a 
vaso-dilator.  The  animal  may  be  anaesthetised  with  a  mix- 
ture of  ether  and  nitrite  of  amyl,  and  finally  killed  with  pure 
nitrite.  Or,  after  killing  by  nitrite,  a  little  nitrite  of  amyl 
in  salt  solution  may  be  injected  before  the  injection  mass  is 
thrown  in.  In  any  case  it  is  advisable  to  add  a  little  nitrite 
to  the  mass  just  before  using.  The  relaxing  power  is  very 
great  (see  Oviatt  and  Saegent,  in  8t.  Louis  Med.  Journ., 
1886,  p.  207;  and  Journ.  Roy.  Mic.  8oc.,  1887,  p.  341). 

Or,  morphia  may  be  added  to  the  injection  mass,  or  one 
per  cent,  of  lactic  acid.  Mozejko  {Zeit.  luiss.  mile,  xvi,  1909, 
p.  545)  prefers  a  saturated  solution  of  Peptonum  siccum, 
which  has  the  advantage  of  hindering,  coagulation.  For 
warm-blooded  animals  the  mass  should  be  warmed  to  body- 
temperature  ;  and  in  all  cases  masses  that  tend  to  dehydrate 
tissues  should  be  avoided  if  possible. 

Kobin's  Masses. 

482.  Robin's  Gelatin  Vehicle  (Tmiie,  p.  30).— One  part  of 
gelatin  soaked  and  melted  in  7,  8,  9,  or  even  10  parts  of 
water,  on  a  water  bath. 

This  vehicle,  like  all  gelatin  masses,  is  liable  to  be  attacked 
by  mould  if  kept  long  ;  camphor  and  cai-bolic  acid  do  not 
suffice  to  preserve  it.  Chloral  hydrate  2  per  cent,  is  said  to 
do  so. 

483.  Robin's  Glycerin-gelatin  Vehicle  {Traite,  p.  32). — Dis- 
solve in  a  water-bath  50  grms.  of  gelatin  in  300  grms.  of 
water,  in  which  has  been  dissolved  some  arsenious  acid ;  add 
of  glycerine  150  grms.,  and  of  carbolic  acid  a  few  drops. 
Unlike  the  pure  gelatin  vehicles,  this  mass  does  keep  in- 
definitely. 

Fbankl  {Zeit.  f.  wiss.  Zool,  Ixiii,  1897,  p.  28)  prepares  a  similar 
vehicle,  and  adds  to  it  a  little  solution  of  corrosive  sublimate  and  a 
crystal  of  thymol. 

484.  Robin's  Carmine  Colouring  Mass  {Traite,  p.  33).— Rub 
pp  3  grms.  of  carmine  with  a  little  water  and  enough 
^mmopia  to  dissolve  it,    Add  50  grms.  of  glycerin  and  filter. 
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Take  50  grms.  of  glycerin  with  5  grms.  oE  acetic  acid, 
and  add  it  by  degrees  to  the  carmine-glycerine,  until  a 
slightly  acid  reaction  is  obtained  (as  tested  by  very  sensitive 
blue  test-paper,  moistened  and  held  over  the  mixture). 

One  part  of  this  mixture  is  to  be  added  to  3  or  4  parts  of 
the  vehicles  given  above. 

435.  Robin's  Ferrocyaniie  of  Copper  Colouring  Mass  (ibid.,  p. 
34).— Take— 

(1)  revrocyanide  of  potassium  (concentrated  solution)  .  20  c.c. 
Glycerin  50  ,^ 

(2)  Sulphate  of  copper  (concentrated  solution)      .       .  35  „ 
Glycerin  50  „ 

Mix  (l)'and  (2)  slowly,  ynth  agitation;  at  the  moment  of  injecting 
combine  with  3  volumes  of  vehicle. 

486.  Robin's  Prussian  Blue  Colouring  Mass  {ibid.,  p.  35,  and 
2nd  ed.,  p.  1013). 

Take— 

(a)  Ferrocyanide  of  potas.sium*  (sol.  sat.)      .  90  c.c. 
Glycerin     .        .        .        .        •        .  50  ,, 

(b)  Liquid  perchloride  of  iron  at  30°  Baume  3  „ 
Glycerin     .        .        .        .        .        .  50  „ 

Mix  slowly  and  combine  the  mixture  with  3  parts  of  vehicle. 
It  is  well  to  add  a  few  drops  of  IlCl. 

Garmine-gelatin  Masses. 

487.  Ranvier's  Carmine  Gelatine  Mass  {Traite  technique,  p. 
116). — Take  5  grms.  Paris  gelatin,  soak  until  quite  swollen 
and  soft,  wash,  di'ain  and  melt  it  in  the  water  it  lias 
absorbed  over  a  water  bath.  When  melted  add  slowly, 
and  with  continual  agitation,  2|-  grms.  of  carmine  rubbed  up 
with  a  little  water,  and  just  enough  ammonia,  added  drop 
by  drop,  to  dissolve  the  carmine  into  a  transparent  solution. 

The  mixture  is  now  neutralised  by  adding  cautiously,  di-op 
by  drop,  with  continual  agitation,  a  solution  of  1  part  of 
glacial  acetic  acid  in  two  parts  of  water.  (When  the  mass 
is  near  neutrality,  dilute  the  acetic  acid  still  further.)  The 
instant  of  saturation  is  determined  by  the  smell  of  the  solu- 
tion, which  gradually  changes  from  ammoniacal  to  sour.  As 

*  Erratiin  "  Sulphocyanide  "  in  1st  edition  of  Robin's  Traite, 
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soon  as  tlio  sour  smoll  is  perceived  the  liquid  must  be  exa- 
mined under  the  microscope.  If  it  contains  a  granular 
precipitate  of  carmine,  too  much  acid  has  been  added,  and 
it  must  be  thrown  away. 

The  mass,  having  been  pei-fectly  neutralised,  is  strained 
through  new  flannel. 

488.  How  to  Neutralise  a  Carmine  Mass  (Ville,  Gaz.  hehd.  d. 
Sci.  vied.  de.  Montpellier,  Fev.,  1882;  maybe  had  separately 
from  Delahaye  et  Leci'osnier,  Paris). — ViLiiE  points  out  that 
when  carmine  is  treated  with  ammonia  a  certain  proportion 
of  the  ammonia  combines  with  the  carmine  and  the  re.st 
remains  in  excess.  It  is  this  excess  that  it  is  required  to 
neutralise  precisely,  not  the  v)hole  of  the  ammonia  employed. 

To  neutralise  the  acidity  of  commercial  gelatin,  it  should  be 
washed  for  an  hour  or  so  in  running  water. 

As  to  the  neutralisation  of  the  colouring  mass,  Ville  is  of 
opinion  that  the  sour  smell  cannot  be  safely  relied  on  in 
pi*actice,  and  prefers  to  employ  dichroic  litmus  paper  (litmus 
paper  sensitised  so  as  to  be  capable  of  being  used  equally 
for  the  demonstration  of  acids  and  bases).  For  directions 
for  preparing  this  see  loc.  cit.  or  previous  editions. 

489.  HoYER^s  Carmine-Gelatin  Mass  {Biol.  Centralh.,  1882, 
p.  21). — Take  a  concentrated  gelatin  solution  and  add  to  it 
the  needful  quantity  of  neutral  carmine  staining  solution  {loc. 
cit.,  p.  17).  Digest  in  a  water-bath  until  the  dark  violet-red 
colour  begins  to  pass  into  a  bright  red  tint.  Then  add  5—10 
per  cent,  by  volumes  of  glycerin,  and  at  least  2  per  cent,  by 
weight  of  chloral,  in  a  concentrated  solution,  and  strain. 

490.  FoL^s  Carmine-Gelatin  Mass  {Lehrb.,  p.  13).  This  can 
be  Itept  in  the  dry  state  for  an  indefinite  length  of  time. 

Gelatin  in  sheets  is  cut  into  strips  which  are  macei"ated 
for  two  days  in  carmine  solution  (prepared  by  diluting 
one  volume  of  strong  ammonia  with  three  of  water  and 
adding  carmine  to  saturation,  and  filtering  after  a  day 
or  two).  The  strips  are  then  rinsed  and  put  for  a  few 
hours  into  water  acidulated  with  acetic  acid,  then  washed  on 
a  sieve  for  several  hours  in  running  water,  dried  on  parch- 
ment paper,  or  on  a  net,  and  preserved  for  future  use.  To 
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get  the  mass  ready  for  use,  the  strips  are  soaked  for  an  Iioui- 
in  water,  and  melted  on  a  wator-batli  in  10  to  20  parts  of 
water. 

For  another  process,  which  is  said  to  give  somewhat  better  results, 
but  is  more  complicated,  see  loc.  cit.,  or  Zeit.  iviss.  Zool,  xxxviii,  p.  492, 
or  previous  editions. 

491.  Krause's  Carmine-Gelatin  Mass  {Zeit.  iviss.  Mile,  xxvi,  1909, 
p.  1)  — 100  grms.  gelatin  soaked  in  water,  put  for  two  to  three  days  into 
a  solution  of  15  grms.  carmine  in  2  litres  of  water  with  100  grms.  of  borax, 
washed,  treated  for  a  short  time  with  hydrochloric  acid  of  2  per  cent., 
washed,  melted  a.nd  preserved  with  camphor. 

492.  Other  Carmine  Gelatin  Masses. — Thibesch's,  see  Arch.  mik. 
Aiiat.,  1865,  p.  148.  Gerlagh's,  see  Ranvieu,  Traite,  p.  118,  Carter's, 
see  Beale,  p.  113.  Davies,  see  his  Prep,  and  Mownting  o/Mic.  Objects, 
p.  138. 

Blue  Gelatin  Masses. 

493.  Robin's  Prussian  Blue  Gelatin  Mass  (see  §  486). 

494.  Ranvier's  Prussian  Blue  Gelatin  Mass  [Traite,  p.  119). 
— Make  a  concentrated  solution  of  sulphate  of  peroxide  of 
iron  in  distilled  water,  and  pour  it  gradually  into  a  concen- 
trated solution  of  yellow  prussiate  of  potash.  There  is 
produced  a  precipitate  of  insoluble  Prussian  blue.  Wash 
this  on  a  felt  strainer,  underneath  which  is  arranged  a  paper 
filter  in  a  glass  funnel,  for  some  days,  until  the  liquid  begins 
to  run  off  blue  from  the  second  filter.  The  Prussian  blue 
has  now  become  soluble.  The  strainer  is  turned  inside  out 
and  agitated  in  distilled  water ;  the  Prussian  blue  will 
dissolve  if  the  quantity  of  water  be  sufficient. 

The  solution  may  now  be  injected  just  as  it  is,  or  it  may 
be  kept  in  bottles  till  wanted,  or  evaporated  in  a  stove,  and 
the  solid  residuum  put  away  in  bottle. 

For  injections,  if  a  simple  aqueous  solution  be  taken,  it 
should  be  saturated.  Such  a  mass  never  transudes  through 
the  walls  of  vessels.  Or  it  may  be  combined  with  one  fourth 
of  glycerin,  or  with  one  twenty-fifth  of  gelatin  soaked  for  an 
hour  in  Avater  and  melted  over  a  water  bath  in  the  water  it 
has  absorbed.  The  gelatin  is  to  be  poured  gradually  into 
the  Prussian  blue,  on  the  water  bath,  stirring  continually 
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until  tlio  curdy  procipitiito  tluifc  I'onu.s  uL  first  lias  dis- 
appearod.  Filter  tlirongli  now  llaiinol  and  keep  at  40°  C. 
until  injected. 

495.  Bbucke's  Soluble  Berlin  Blue  (Arch.  mih.  Anat.,  1865,  p.  87).— 
Make  a  solution  of  ferrocyanide  of  potassium  containing,'  217  ^rms. 
of  the  salt  to  1  litre  of  water,  and  one  of  1  part  commercial  cliloride  of 
iron  in  10  parts  water.  Take  equal  volumes  of  each,  and  add  to  each  of 
them  twice  its  volume  of  a  cold  saturated  solution  of  sulphate  of  soda. 
Pour  the  chloride  solution  into  the  ferrocyanide  sohition,  stirring  con- 
tinually. Wash  the  precipitate  on  a  filter  until  soluble,  dry  it,  press 
between  blotting  paper  in  a  press,  break  the  mass  in  pieces,  and  dry 
in  the  air. 

The  concentrated  solution  of  the  colouring  matter  is  to  be  gelatinised 
with  just  so  much  gelatin  that  the  mass  forms  a  jelly  when  cold.  For 
another  method,  see  praviuus  editions. 

496.  Other  Blue  Gelatin  Masses. — Hoyee's,  Arch.  mih.  Anat., 
1876,  p.  6'19;  Guignet's,  Journ.  do  Microyr.,  1889,  p.  94;  Journ.  Boy. 
Mic.  Soc,  1889,  p.  463  ;  Thiersch's,  Arch.  mile.  Anat.,  i,  1865,  p.  148  ; 
Fol's,  Zcit.  wiss.  Zool.,  xxxviii,  1883,  p.  494;  andL  previous  editions. 


Oilier  Gdloitrs. 

497.  IIoyek's  Silver  Nitrate  Yellow  Gelatin  Mass  {Biol.  Ccn- 
tralhl.,  i'i,  1882,  pp.  19,  22). — A  concentrated  solution  of 
gelatin  is  mixed  with  an  equal  volume  of  a  4  per  cent, 
solution  of  nitrate  of  silver  and  warmed.  To  this  is  added  a 
very  small  quantity  of  an  aqueous  solution  of  pyrogallic 
acid;  which  reduces  the  silver  in  a  few  seconds;  chloral  and 
glycerin  are  added  as  directed  §  489. 

This  mass  is  yellow  in  the  capillaries  and  brown  in  the 
larger  vessels. 

498.  Other  Colours.— Hoyee's  Green  (Biol.  Centralb.,  ii,  1882,  p. 
19).  Made  by  mixing  a  blue  mass  and  a  yellow  mass.  Thieesch's 
Green  (Arnh.  mih.  Anat.,  1865,  p.  149).  Robin's  Scheele's  Green 
(Robin,  Tmite,  p.  37).  Haeting's  White  (see  Feey,  Le  Microscope,  p. 
190).  Feey's  White  (ifcicZ.).  Teichmann's  White  (zk'c?.,  p.  191).  Fol's 
Brown  (Zeit.  wiss.  Zool.,  xxxviii,  1883,  p.  494).  Millee's  Purple  (see 
Amer.  Mon.  Mic.  Journ.,  1888,  p.  50  ;  Journ.  Boy.  Mic.  Soc,  1888,  p.  518). 
Fol's  Lead  Chromate  (Lehrh.,  p.  15).  Robin's  Cadmium  (his  Traite, 
p.  36).  Thieesch's  Lead  Chromate  (Arch.  mih.  Anat.,  1865,  p.  149). 
Hoyee's  Lead  Chromate  (Hid.,  1867,  p.  136);  or,  for  any  of  these,  see 
early  editions. 
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499.  Ranvier's  Gelatin  Mass  for  Impregnation  {Traitc,-p.l23).— 
Concentrated  solution  of  gelatin,  2,  3,  or  4  parts  ;  1  per  cent,  nitrate  of 
silver  solution,  1  part. 

Neuville  {Ann.  Sci.  Nat.,  xiii,  1901,  p.  36)  takes  a  solution  of  10  grms. 
of  soaked  gelatin  in  100  c.c.  of  1  per  cent,  solution  of  nitrate  of  silver. 

500.  Friedenthal's  Hardening  Mass  (Centralb.  Phys.,  xiii,  1899, 
p.  267).— A  10  per  cent,  solution  of  gelatin,  combined  with  a  colouring 
mass,  and  with  1  vol.  of  4  per  cent,  formol,  serves  for  injecting  vessels 
and  hardening  the  tissues  at  the  same  time. 
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INJEOTIONS — OTHER  MASSHS  (cOLD). 

501.  Fol's  Metagelatin  Vehicle  {Lehrh.,  p.  17}.— If  a  sligliL 
proportion  of  ammonia  be  added  to  a  solution  of  gelatin,  and 
the  solution  be  heated  for  several  hours,  the  solution  passes 
into  the  state  of  metagelatin,  that  is,  a  state  in  which  it  no 
longer  coagulates  on  cooling  and  can  be  injected  without 
warming.  Colouring  masses  may  be  added  to  this  vehicle, 
which  may  also  be  thinned  by  the  addition  of  weak  alcohol. 
After  injection  the  preparations  are  thrown  into  strong 
alcohol  or  chromic  acid,  which  sets  the  mass. 

According  to  the  Encijd.  mile.  Teclinih.,  metagelatin  is 
usually  prepared  by  warming  with  concentrated  acetic  or 
oxalic  acid.  It  may  be  neutralised  afterwards  with  car- 
bonate of  lime. 

502.  Tandlek's  Gold  Gelatin  Mass  {Zeit.  vAss.  mile,  xviii, 
1901,  p.  22). — Five  grms.  of  gelatin  are  soaked  in  100  c.c. 
of  water,  warmed  and  melted,  and  combined  with  Berlin 
blue.  Then  5  to  6  grms.  of  iodide  of  potassium  are  slowly 
incorporated.  The  mass  generally  remains  liquid  enough  for 
injection  down  to  a  temperature  of  17°  C,  but  if  it  should 
coagulate  a  little  more  iodide  should  be  added.  After 
injection  you  may  fix  with  5  per  cent,  formol.  The  speci- 
mens will  bear  decalcification  with  hydrochloric  or  sul- 
phurous acid. 

Pearl  [Journ.  Appl.  Micr.,  v,  1902,  p.  1736)  takes  8  to  10 
per  cent,  of  the  iodide. 

Mater  [Grundziige  Lee  and  Mayer,  1910,  p.  250)  takes 
simply  10  grms.  gelatin,  10  grms.  hydrate  of  chloral  and  100  c.c. 
water. 

MozEJKO  {Zeit.  iviss.  Mih.,  xxvii,  1910,  p.  374),  finds  that 
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10  per  cent  (or  more)  of  sodium  salicylate  will  retard  the 
setting  of  gelatin  for  hours  at  normal  temperatures. 

Any  of  these  masses  may  be  made  to  set  in  the  tissues  by 
means  of  weak  formol. 


Glycerin  Masses. 

503.  Beai.e's  Carmine  Glycerine  Mass  {Hoiu  to  Work,  etc., 
p_  95). — Five  grains  of  carmine  are  dissolved  in  a  little  water 
with  about  five  drops  of  ammonia,  and  added  to  half  an 
ounce  of  glycerin.  Then  add  half  an  ounce  of  glycerin  with 
eight  or  ten  drops  of  acetic  or  hydrochloric  acid,  gradually, 
with  agitation.  Test  with  blue  litmus  paper,  and  if  necessary 
add  more  acid  till  the  reaction  is  decidedly  acid.  Then  add 
half  an  ounce  of  glycerin,  two  drachms  of  alcohol,  and  six 
drachms  of  water.  I  have  found  this  useful,  but  not  so 
good  as  the  two  following. 


1  „ 
12  grains. 
1  drachm. 
4  ounces. 


504.  BicALK^s  Prussian  Blue  {Hoiv  to  Worh,  etc.,  p.  93). 

Common  glycerin      .         .         .         .1  ounce. 

Spirits  of  wine 

Ferrocyanide  of  potassium  . 

Tincture  of  perchloride  of  iron  . 

Water  

Dissolve  the  ferrocyanide  in  one  ounce  of  the  water  and 
glycerin,  and  add  the  tincture  of  iron  to  another  ounce. 
These  solutions  should  be  mixed  together  verrj  gradually,  and 
well  shaken  in  a  bottle,  the  iron  being  added  to  the  solution 
of  the  ferrocyanide  of  potassiuvi.  Next  the  spirit  and  the 
rest  of  water  are  to  be  added  very  gradually,  the  mixture 
being  constantly  shaken. 

Injected  specimens  should  be  preserved  in  acidulated 
glycerin  [e.  g.  with  1  per  cent,  acetic  acid),  otherwise  the 
colour  may  fade. 

505.  Bealk's  Acid  Prussian  Blue  [ihid.,  p.  296). 

Price's  glycerin        ....     2  fluid  ounces. 


Tinct.  of  sesquichloride  of  iron 
Ferrocyanide  of  potassium. 
Strong  hydrochloric  acid  . 
Water  .... 


10  drops. 
3  grains. 
3  drops. 
1  ounce. 
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Proceed  as  heiovQ,  dissolving  fclio  I'orrocyuiiidc  in  one  liaif 
of  tlio  glycerin,  the  iron  in  the  other,  and  adding  the  latter 
drop  by  drop  to  the  former.  Finally  add  tlie  water  and 
HCl.  Two  drachms  of  alcohol  may  be  added  to  the  wliole 
i£  desired. 

I  find  this  excellent. 

506.  Ranvier's  Prussian  Blue  Glycerin  Mass  (Trait'',  p.  120)  — 
The  Pi  "ussian  Ijlue  fluid,  §  494,  mixed  with  one  fourth  of  ylyceriu. 

507.  Tiioma's  Indigo-Carmine  {Arch.  Aunt.  Phys.,  Anat. 
Ahth.,  1899,  p.  270).— Dissolve  0-15  grm.  sulphindigotate  of 
soda  in  50  c.c.  water,  filter,  add  40  c.c.  glycerin  and  gradually, 
with  agitation,  10  c.c.  of  a  filtered  10  per  cent,  solution  of 
sodium  cliloride  in  water.  If  desired,  3  c.c.  of  a  1  per  cent, 
solution  of  morphia  ma.y  be  added  to  dilate  arteries.  A  fine 
precipitate  is  formed,  wliicli  is  injected  with  the  mass. 

508.  Gamboge  Glycerin  (Harting,  Das  Mihroslcof,  1866,  2, 
Theil,  p.  124). — Gamboge  rubbed  up  with  water  and  added 
to  glycerin  ;  or  a  saturated  alcoholic  solution  of  gamboge 
added  to  a  mixture  of  equal  parts  of  glycerin  and  water. 
Any  excess  of  alcohol  may  be  got  rid  of  by  allowing  the 
mass  to  stand  for  twenty-four  hours. 

509.  Other  Colours. — Any  of  the  colouring  masses,  §§  485  to  498, 
or  other  suitable  colouring  masses,  combined  with  glycerin,  either  dilute 
or  pure. 

Purely  Aqueous  Masses. 

510.  Ranvier's  Prussian  Blue  Aqueous  Mass  {Traite,  p.  120). 
— The  soluble  Prussian  blue,  §  494,  injected  without  any 
vehicle.     It  does  not  extravasate. 

611.  MijLLER's  Berlin  Blue  {Arch.  Mih.  Anat.,  1865,  p. 
150). — Precipitate  a  concentrated  solution  of  Berlin  blue  by 
means  of  4  to  1  volume  of  90  per  cent,  alcohol.  The 
precipitate  is  very  finely  divided ;  and  the  fluid  may  be 
injected  at  once. 

612.  Mayer's  Berlin  Blue  {ilitth.  Zool.  Stat.  Neapel,  1888, 
p.  307.) — A  solution  of  10  c.c.  of  tincture  of  perchloride  of 
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iron  in  500  c.u.  of  water  is  added  to  a  soliation  ol;  20  gr.  of 
yellow  prussiate  of  potash  in  500  c.c.  of  water,  allowed  to 
stand  for  twelve  hours,  decanted,  the  deposit  washed  with 
distilled  water  on  a  filter  until  the  washings  come  through 
dark  blue  (one  to  two  days),  and  the  blue  dissolved  in  about 
a  litre  of  water.  It  is  well  to  add  a  little  acetic  acid  and  to 
put  up  the  objects  in  an  acid  liquid. 

513.  Embey's  Aqueous  Carmine  {ibid.,  1881,  p.  21).— To  a  10  per 
cent,  ammoniacal  solution  of  carmine  is  added  acetic  acid,  with  continual 
stirring,  until  the  colovir  of  the  solution  changes  to  blood-red.  The 
supernatant  clear  solution  is  injected  cold  without  further  preparation. 
The  injected  organs  are  thrown  at  once  into  strong  alcohol  to  fix  the 
carmine.    Tor  injection  of  fishes. 

514 —Tagoohi's  Indian  Ink  {Arch.  mile.  Anaf.,  1888,  p.  565). 
—Chinese  or  (better)  Japanese  inh  well  rubbed  up  on  a  hone 
until  a  fluid  is  obtained  that  does  not  run  when  dropped  on 
thin  blotting-paper,  nor  form  a  grey  ring  round  the  drop. 
Inject  until  the  preparation  appears  quite  black,  and  throw 
it  into  some  hardening  liquid  (not  pure  water) . 

Della  Rosa  {Ver.  Anat.  Ges.,  1900,  p.  141)  recommends 
the  liquid  Chinese  ink  sold  in  the  shops. 


Partially  Aqueous  Masses. 

515.  Joseph's  White-of-Egg  {Ber.  naltiriv.  Sect.  ScJdes.  Ges., 
187i>,  pp.  86—40  ;  Journ.  Roy.  Alic.  Soc,  ii,  1882,  p.  274). — 
"  Filtered  white-of-egg,  diluted  with  1  to  5  per  cent,  of  car- 
mine solution.  .  .  .  This  mass  remains  liquid  when  cold, 
coagulates  in  dilute  nitric  acid,  chromic  or  osmic  acid,  and 
remains  transparent  in  the  vessels."     For  invertebrates. 

Grosser  {Zeit.  icifis.  Mile,  xvii,  1900,  p.  178)  rubs  up 
Indian  ink  with  white-of-egg;  Hoffmann  [Zeit.  Morph. 
Aiithroii.,  iii,  1901,  p.  240)  with  blood-serum;  so  also 
Hamburger,  Zeit.  wiss.  Mile,  xxv,  1908,  p.  1  (2  vols,  of  the 
ink  — "  Perltusche" — to  3  of  serum). 

516.  Bjeloussow's  Gum  Arabic  Mass  {Arch.  Anat.  Phys., 
1885,  p.  379). — Make  a  syrupy  solution  of  gum  arabic  and 
a  saturated  solution  of  borax  in  water.  Mix  the  solutions  in 
such  proportions  as  to  have  in  the  mixture  1  part  of  borax 
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to  2  ol"  gMim  arable.  Rub  up  tho  fcraiisparoiifc,  almost  insoluble 
mass  with  distilled  water,  added  little  by  little,  then  force  it 
through  a  fine-grained  cloth.  Ecpeat  those  operations  until 
there  is  obtained  a  mass  that  is  free  from  clots.  It  should 
then  coagulate  in  the  presence  of  alcohol,  undergoing  at  the 
same  time  a  dilatation  to  twice  its  original  volume.  The 
vehicle  thus  prepared  may  be  combined  with  any  colouring 
mass  except  cadmium  and  cobalt. 

After  injection  the  preparation  is  thrown  into  alcohol,  and 
the  mass  sets  immediately,  swelling  up  as  above  de.scribeLl, 
and  consequently  showing  vessels  largely  distended. 

Cold-blooded  animals  may  be  injected  whilst  alive  with 
this  mass.  It  does  not  flow  out  of  cut  vessels.  Injections 
keep  well  in  alcohol.  If  it  be  desired  to  remove  the  mass 
from  any  part  of  a  preparation,  this  is  easily  done  with 
dilute  acetic  acid. 

517.  Milk  has  been  recently  recommended  by  Fischer 
{Centralb.  allg.  Path.,  xiii,  1902,  p.  277;  Zeit.  iviss.  Mile. 
XX,  1903,  p.  224).  It  runs  well,  does  not  extravasate,  and 
can  be  used  for  auto-injection  of  the  living  subject. 

After  injection  it  should  be  coagulated  by  putting  the 
organs  for  at  least  twenty-four  hours  into  a  mixture  of  75 
parts  of  formol,  15  of  acetic  acid,  and  1000  of  water  (pure 
formol  will  not  do).  They  are  then  sectioned,  and  the 
sections  stained  with  Sudan  III  or  Scharlach  R,  which  stain 
the  milk.     They  cannot  be  mounted  in  balsam. 


Celloidiii  and  aiher  Masses. 

518.  Schiefpeedeckee's  Celloidin  Masses  (Arch.  Anat.  Pliys., 
1882  lAnat.  AUh.'],  p.  201).  (For  Cor  rosion  prejiarations). — ^ee  previous 
editions ;  Hochstetter's  Modification  of  Schiepfeedeckee's  Mass 
(Anat.  Anz.,  1886,  p.  51);  Budge's  Asplialtum  Mass  {Arch.  Mik.  Anut., 
xiv,  1877,  p.  70),  or  early  editions;  Hoyee's  Shellac  Mass  {Arch.  Mile. 
Anat.,  1876,  p.  645).  For  tliis  and  that  of  Bellaeminow  {Anat.  Anz., 
1888,  p.  605),  see  early  editions ;  Hoyee's  Oil-colour  Masses  {Intemat. 
Monatsschr.  Anat.,  1887,  p.  341) ;  Seveeeanu's,  Verh.  Anat.  Ges.,  21  vers, 
1906,  p.  275;  Pansch's  Starch  Mass  {Arch.  Anat.  Entio.,  1877,  p.  480; 
1880,  pp.  232, 371 ;  1881,  p.  76;  1882,  p.  60;  1883,  p.  265;  and  a  modification 
of  the  same  by  Gage,  Amer.  Mon.  Mic.  Journ.,  1888,  p.  195) ;  Teich- 
mann's  Linseed-Oil  Masses  {S.  B.  Math.  Kl.  Kralcau  Alcad.,  vii,  pp. 
108,  158 ;  Journ.  Boy.  Mic.  Soc,  1882,  pp.  J25  and  716,  and  1895,  p.  704). 
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Flint's  Celluloid  (Amer.  Journ.  A>mt.,  i,  1902,  p.  270);  Huher's  (ibid., 
vi,  1907,  p.  393) ;  Kbassuskaja's  Photoxylin  {Anat.,  Heft.  2,  xiii,  1904, 
p.'521). 

519.  Natural  Injections  (Robin,  Traite,  p.  6).— 'J'o  preserve 
these  throw  the  organs  into  a  liquid  composed  of  10  parts  of 
tincture  of  perchloride  of  iron  and  100  parts  of  water. 

Retterer  and  Zenker  use  solution  of  Muller,  see  Journ. 
Anat.  Phys.,  1894,  p.  336,  and  Arch.  Path.  Anat.,  1894,  p.  147. 


CHAPTER  XXIII. 

MAORRATION,  DIGESTION,  AND  OOIIROSION. 

Maceration. 

520.  Methods  of  Dissociation. — It  is  sometimes  necessary,  in 
order  to  obtain  a  complete  knowledge  of  tlie  forms  of  the 
elements  of  a  tissue,  that  the  elements  be  artificially  sepa- 
rated from  their  place  in  the  tissue  and  separately  studied 
after  they  have  been  isolated  both  from  neighbouring  ele- 
ments and  from  any  interstitial  cement-substances  that  may 
be  present  in  the  tissue.  Simple  teasing  with  needles  is 
often  insufficient,  as  the  cement-substances  are  frequently 
tougher  than  the  elements  themselves,  so  that  the  latter  are 
torn  and  destroyed  in  the  process.  In  this  case  recourse 
must  be  had  to  maceration,  by  which  is  meant  prolonged 
soaking  (generally  for  days  rather  than  hours)  in  media 
which  have  the  property  of  dissolving,  or  at  least  softening, 
the  cement  substances  or  the  elements  of  the  tissue  that  it 
is  not  wished  to  study,  whilst  preserving  the  forms  of  those 
it  is  desired  to  isolate.  When  this  softening  has  been 
effected,  the  isolation  is  completed  by  teasing,  or  by  agitation 
with  liquid  in  a  test-tube,  or  by  the  method  of  tapping,  which 
last  gives  in  many  cases  (many  epithelia,  for  instance)  results 
which  could  not  be  attained  in  any  other  way.  The  macerated 
tissue  is  placed  on  a  slide  and  covered  with  a  thin  glass  cover 
supported  at  the  corners  on  four  little  feet  made  of  pellets 
of  soft  wax.  By  tapping  the  cover  with  a  needle  it  is  now 
gradually  pressed  down,  whilst  at  the  same  time  the  cells  of 
the  tissue  are  segregated  by  the  repeated  shocks.  When  the 
segregation  has-  proceeded  far  enough,  mounting  medium  may 
be  added  and  the  mount  closed. 

A  good  material  for  making  wax  feet  is  obtained  (Vosseler, 
Zeit.  wiss.  Mik.,  vii,  1891,  p.  461)  by  melting  white  wax  and 
stirring  into  it  one  half  to  two  thirds  of  Venice  tui'pentine. 
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The  most  desirable  macerating  media  are  those  which, 
whilst  dissolving  intercellular  substances,  do  not  attack  the 
cells  themselves.  Those  which  contain  colloids  have  been 
found  to  give  the  best  results  in  this  respect.  Iodised 
serum  is  an  example. 

521.  Iodised  Serum  (Chap.  XIX). — The  manner  of  employing 
it  for  maceration  is  as  follows  :  A  piece  of  tissue  smaller  than 
a  pea  must  be  taken,  and  placed  in  4 'or  5  c.c.  of  weakly 
iodised  serum  in  a  well-closed  vessel.  After  one  day's 
soaking  the  maceration  is  generally  sufficient,  and  the 
preparation  may  be  completed  by  teasing  or  pressing  out, 
as  indicated  last  §  ;  if  not,  the  soaking  must  be  continued, 
fresh  iodine  being  added  as  often  as  the  serum  becomes  pale 
by  the  absorption  of  the  iodine  by  the  tissues.  By  taking 
this  precaution  the  maceration  may  be  prolonged  for  several 
weeks. 

This  method  is  intended  to  be  applied  to  the  preparation 
of  fresh  tissues,  the  iodine  playing  the  part  of  a  fixing  agent 
with  regard  to  protoplasm,  which  it  slightly  hardens. 

522.  Iodide  of  Potassium  (Arnold,  Arch.  mik.  Anat.,  lii,  1898, 
pp.  135  and  763).— 10  c.c.  of  10  per  cent,  aqueous  sol.  of  potassic  iodide 
with  5  to  10  drops  of  a  similar  solution,  containing  also  5  per  cent,  of 
iodine. 

523.  Alcohol. — Ranvieb  employs  one-third  alcohol  (1  part 
of  90  per  cent,  alcohol  to  2  parts  of  water).  Epithelia  will 
macerate  well  in  this  in  twenty-four  hours.  It  macerates 
more  rapidly^than  iodised  serum. 

Other  strengths  of  alcohol  may  be  used,  either  stronger 
(equal  parts  of  alcohol  and  water)  or  weaker  alcohol,  for 
isolation  of  the  nerve-fibres  of  the  retina,  for  instance — 
Thin). 

524.  Salt  Solution. — 10  per  cent,  solution  of  sodium  chloride 
is  a  valuable  macerating  medium.  Weaker  strengths,  down 
to  0'6  per  cent.,  are  also  used. 

525.  MoLESCHOTT  and  Piso  Bormk's  Sodium  Chloride  and 
Alcohol  (Moleschott's  Untersuchuncjen  mr  Naturlehre,  xi,  pp, 
99_107  ;  Ranviee,  Traite,  p.  242). — 10  per  cent,  solution  of 
sodium  chloride,  5  volumes  ;  absolute  alcoliol,  1  volume, 
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For  vibrafcilo  epithelium  Ranvier  finds  the  mixture  in- 
ferior to  one-third  alcohol. 

526.  Sodium  Chloride  and  Formaldehyde. — GtAGe  recommends 
the  addition  of  2  parts  of  formalin  to  1000  parts  of  normal 
salt  solution  (quoted  from  Fish,  Proc.  Ainer.  Mic.  8oc.,  xvii, 
1895,  p.  328). 

527.  Caustic  Potash,  Caustic  Soda. — These  solutions  should 
be  employed  strong,  35  to  50  per  cent.  (MoLEgCHOTT)  ;  so  em- 
ployed they  do  not  greatly  alter  the  forms  of  cells,  whilst 
weak  solutions  destroy  all  the  elements.  (Weak  solutions 
may,  however,  be  employed  for  dissociating  the  cells  of  epi- 
dermis, hairs,  and  nails.)  The  strong  solutions  may  be  em- 
ployed by  simply  treating  the  tissues  with  them  on  the  slide. 
To  make  permanent  preparations,  the  alkali  should  be 
neutralised  by  adding  acetic  acid,  which  forms  with  caustic 
potash  acetate  of  potash,  which  constitutes  a  mounting 
medium  (see  Behrens,  Kossel,  and  Schiefperdecker,  Das 
Miltroshoj),  i,  1889,  p.  156).  See  also  GtAGE,  Proc.  Amer. 
8oc.  of  Microscopists,  1889,  p.  35. 

528.  Baryta-water,  Lime-water  (Fol,  Lehrb.,  p.  110).— Baryta- 
water  will  macerate  nerve,  muscle,  and  connective  tissue  in  a  few  hours, 
lime-water  in  a  few  days. 

529.  Sulphocyanides  of  Ammonium  and  Potassium  (Stirling, 
Journ.  Anat.  and  Phys.,  xvii,  1883,  p.  208). — 10  per  cent,  solution  of 
either  of  these  salts,  for  epithelitim.  Macerate  small  i)ieces  for  twenty- 
four  to  forty-eight  hom-s. 

SoTJLiEE  (Travaux  de  I'Inst.  Zool.  de  Montpellier,  Nouv.  Ser.,  2,  1891, 
p.  171)  has  found  that  Stirling's  solution  greatly  deteriorates  cellular 
elements,  hut  that  good  results  are  obtained  by  combining  it  %vith  a 
fixing  agent.  The  best  results  were  obtained  with  a  2  per  cent,  solution 
of  sulphocyanide  combined  with  liquid  of  Ripart  and  Petit  ;  good 
ones,  by  combining  liqviid  of  Ripart  and  Petit  with  artificial  serum  of 
Keonecker  instead  of  sulphocyanide,  or  with  pepsin,  eau  de  Javelle, 
10  per  cent,  sulphate  of  soda,  or  1'5  per  cent,  solution  of  caustic  soda ; 
also  by  combining  solutions  of  chloride  of  sodium,  or  solutions  of 
caustic  potash  or  soda,  with  any  of  the  usual  fixing  agents. 

530.  Landois's  Solution  {Arch.  mihr.  Anat.,  1885,  p.  445). 
Saturated  sol.  of  neutral  chromate  of  ammonia  5  parts. 

Saturated  sol.  of  phosphate  of  potash  .  .  5  „ 
Saturated  sol.  of  sulphate  of  soda  .  .  .  5  „ 
Distilled  water  100  „ 
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Small  pieces  of  tissue  are  macerated  for  one  to  three,  or 
even  four  to  five  days,  in  the  liquid,  then  brought  for  twenty- 
four  hours  into  ammonia  carmine  diluted  with  one  volume  of 
the  macerating  liquid. 

GiERKK  particularly  recommends  this  liquid  for  all  sorts  of 
macerations,  but  especially  for  the  central  nervous  system, 
for  which  he  finds  it  superior  to  all  other  agents.  It  is  also 
recommended  for  the  same  purpose  by  Nansen  (v.  Zeit.  wins. 
Mil:,  V,  1888,  p.  242). 

531.  Bichromate  of  Potash. — 0-2  per  cent. 

EisiG  [Fauna  u.  Flora  Golf.  Neapel,  16  Monog.,  1887, 
p.  297)  macerates  Capitellida3  in  O'S  to  1  per  cent,  solution 
for  months  or  years,  a  little  thymol  being  added  against 
mould. 

Miiller's  Solution,  diluted  to  same  strength,  or  combined 
with  saliva,  has  also  been  used. 

Bkock  (for  nervous  system  of  Mollusca,  Intern.  Monatssch. 
Anat.,  i,  1884,  p.  S49)  takes  equal  parts  of  10  per  cent, 
solution  of  bichromate  of  potash  and  visceral  fluid  of  the 
animal. 

532.  Permanganate  of  Potash.  —  Is  recommended,  either 
alone  or  combined  with  alum,  as  the  best  dissociating  agent 
for  the  fibres  of  the  cornea  (Rollett,  Strieker's  Rundbuch, 
p.  1108).    I  have  found  it,  for  some  objects,  very  energetic. 

533.  Chromic  Acid.— G-enerally  employed  of  a  strength  of 
about  0'02  pfer  cent.  Specially  useful  for  nerve  tissues  and 
smooth  muscle.  Twenty-four  hours'  maceration  will  suffice 
for  nerve  tissue.  About  10  c.c.  of  the  solution  should  be 
taken  for  a  cube  of  5  mm.  of  the  tissue  (Ranvjee). 

534.  Osmic  and  Acetic  Acid  (the  Heiitwigs,  Das  Nerven- 
sydem  ih.  die  8innesorgane  der  Mediisen,  Leipzig,  1878,  and 
Jen.  Zeitschr.,  xiii,  1879,  p.  457). 

0'05  per  cent,  osmic  acid      .        .     1  part. 
0'2        „        acetic  acid      .        .     1  „ 
Medzisie  are  to  be  treated  with  this  mixture  for  two  or 
three  minutes,  according  to  size,  and  then  washed  in  repeated 
changes  of  O'l  per  cent,  acetic  acid  until  all  traces  of  free 

18 
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usiiiic  auid  are  TCinoved';  tlu;y  tlitsii  remain  I'ur  a  day  in  O'l 
per  cent,  a-cetic  acid,  avo  washed  in  waicr,  .stained  in  Bkamo's 
carmine,  and  preserved  in  f-'lyeeriii. 

Yor  AdinUii  the  osmie  acid  is  taktni  weaker,  0-04  per  cent. ; 
both  the  solutions  are  made  with  sea  water  ;  and  the  washing 
out  is  done  with  0-2  per  cent,  acetic  acid.  If  the  maceration 
is  complete,  stain  with  picro-carmine ;  if  not,  with  Bealk's 
carmine. 

535.  MoBius's  Media  {Morpli.  Jalirb.,  xii,  1887,  p.  174). 

1.  Oue  part  of  sea  water  with  4  to  6  parts  of  O'-l.  pei'  cent,  solution  of 
bichromate  of  potash.  _       .  t  ,  i 

2  0-25  per  cent,  chromic  acid,  01  per  cent,  osmic  acid,  O'l  per  cent, 
acetic  acid,  dissolved  in  sea  water.  For  Lamellihranchiata.  Macerate 
for  several  days. 

536  Nitric  Acid.— Most  useful  for  the  maceration  of  muscle. 
The  strength  used  is  20  per  cent.  After  twenty-four  hours' 
maceration  in  this,  isolated  muscle-fibres  may  generally  be 
obtained  by  shaking  the  tissue  with  water  m  a  test-tube. 
Preparations  may  afterwards  be  washed  with  water  and  put 
up  in  strong  solution  of  alum,  in  which  they  may  be  pre- 
served for  a  long  time  (Hoi-kins,  Froc.  Amer.  Soc.  of  Micro- 
scopids,  1890,  p.  165). 

Maceration  is  greatly  aided  by  heat,  and  at  a  temperature 
of  40°  to  50°  C.  may  be  sufficiently  complete  m  an  hour 

(Gage).  .   .      _    ,      .       j  , 

A  mixture  of  equal  parts  of  nitnc  acid,  glycerin,  and  water 
is  recommended  by  Maucacci  {Arch.  Ital.  BioL,  iv,  1883, 
p.  293)  for  smooth  muscle. 

537.  Nitric  Acid  and  Chlorate  of  Potash  (Ki5HNE,  Ueber  die 
peripherischen  Endorcjane,  etc.,  1862  ;  Ranviek,  p.  79). 

-Chlorate  of  potash  is  mixed,  in  a  watch-glass,  with  four 
times  its  volume  of  nitric  acid.  A  piece  of  muscle  is  buried 
in  the  mixture  for  half  an  hour,  and  then  agitated  with  watei 
in  a  test-tube,  by  which  means  it  entirely  breaks  up  mto 
isolated  fibres. 
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after  twenty-four  liours,  50  per  cent,  glycerin,  cTianged  till  the  acid  is 
removed. 

539.  Hydrochloric  Acid.— Konigstbin  {Sitzb.  Alcad.  Wien,  Ixxi, 
1875)  takes  (for  gold-impregnated  cornea))  eqiial  parts  of  the  concen- 
trated acid,  glycerin,  and  water;  Freud  (ibid.,  Ixxviii,  1879,  p.  102,  for 
nerve-impregnations)  10  parts  of  acid,  7  of  water,  3  of  glycerin ;  and 
ScHUBEKG  and  Schkoder  (Zeit.  tviss.  ZooL,  Ixxvi,  1904-,  p.  516)  take 
(for  fresh  muscles  of  Hirudinea)  hydrochloric  acid  of  5  per  cent. 

540.  Bela  Hallee's  Mixture  [Morphol.  Jahrb.,  xi,  p.  321). 
— One  part  glacial  acetic  acid,  1  part  glycerin,  2  parts  water. 
For  the  central  nervous  system  of  Mollusca  a  maceration  of 
thirty  to  forty  minutes  may  be  sufficient. 

541.  Sulphuric  Acid  (Ranviee,  Traite,  p.  78). — Macerate  for 
twenty-four  hours  in  30  grms.  of  water,  to  which  are  added 

4  to  5  drops  of  concentrated  sulphuric  acid.  Agitate.  For 
nasal  mucosa,  crystalline,  retina,  etc. 

Odenids  found  very  dilute  sulphm-ic  acid  to  be  the  best 
reagent  for  the  study  of  nerve  endings  in  tactile  hairs.  He 
macerated  hair-follicles  for  from  eight  to  fourteen  days  in  a 
solution  of  from  3  to  4  grains  of  "  English  sulphuric  acid " 
to  the  ounce  of  water 

Hot  concentrated  sulphuric  acid  serves  to  dissociate  horny 
epidermic  structures  (horn,  hair,  nails). 

542.  Oxalic  Acid. — Maceration  for  many  days  in  concen- 
trated solution  of  oxalic  acid  has  been  found  useful  in  the 
study  of  nerve-endings. 

543.  Schieffebdecker's  Methyl  Mixture  (for  the  retina) 
{Arch.  mih.  Anat.,  xsviii,  1886,  p.  305). — Ten  parts  of  gly- 
cerin, 1  part  of  methyl  alcohol,  and  -20  parts  of  distilled 
water.     Macerate  for  several  days  (perfectly  fresh  tissue). 

544.  GrAGE^s  Picric  Alcohol  [Proc.  Amer.  Soc.  of  Microscopists, 
1890,  p.  120).— 9.5  per  cent,  alcohol,  250  parts;  water,  750; 
picric  acid,  1.  Recommended  especially  for  epithelia  and 
muscle.    A  few  hours  suffice. 

545.  Chloral  Hydrate. — In  not  too  strong  solution,  from  2  to 

5  per  cent,  for  instance,  chloral  hydrate  is  a  mild  macerating 
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agent  that  admirably  [)roservc.s  delicate  elements,  Laviww- 
SKY  {Arch.  mile.  Av.at.,  1876,  p.  359)  recommends  it  greatly 
I'or  salivary  glands,  Hjckson  [Qiiarl.  Juurn.  Mic.  Sci.,  1885, 
p.  244)  for  the  retina  of  Arthropods. 

546.  Lysol  (Reinkk,  Anat.  J.nz.,  viii,  1892,  p.  582). — 10 
per  cent,  solution  in  distilled  water  or  in  water  with  alcohol 
and  glycerin.  Spermatozoa  of  the  rat  or  cortical  cells  of 
hairs  are  said  to  be  resolved  into  fibrils  in  a  few  minutes, 
epithelial  cells  of  salaraandra  to  be  dissociated  instantaneously. 

Digestion. 

547.  Digestion  is  maceration  in  organic  juices,  which  by 
dissolving  out  sonre  of  the  constituents  of  tissues  earlier  than 
others  serves  to  isolate  those  which  resist.  The  chief  liquids 
employed  are  gastric  juice  (or  pepsin)  and  pancreatic  juice 
(pancreatin  or  trypsin). 

Pepsin  is  best  employed  in  acidified  solution,  pancreatui 

in  alkaline. 

The  most  favourable  temperature  for  digestion  is  about 
40°  C. 

Pepsin  digests  albuminoids,  collagen  substance  and  mucm, 
more  or  less  readily,  elastin  more  slowly.  Nucleiu  is  either 
not  dissolved  or  very  slowly.  Keratin,  neurokeratin,  chitin, 
fat  and  carbohydrates  are  not  attacked. 

Pancreatin  (trypsin)  digests  albuminoids,  nuclein,  mucin, 
and  elastic  tissue;  whilst  collagen  substance,  reticular 
tissue,  chitin,  horny  substances,  fat  and  carbohydrates  are 
not  attacked.  * 

Tissues  for  digestion  should  be  fresh,  or  fixed  with  alcohol, 
not  with  chromic  acid  or  other  salts  of  the  heavy  metals. 

548.  Pepsin  (Beale's,  Archives  of  Medicine,  i,  1858,  pp- 
296— 316).— The  mucus  expressed  from  the  stomach  glands 
of  the  pig  is  rapidly  dried  on  glass  plates,  powdered,  and  kept 
in  stoppered  bottles.  Eight  tenths  of  a  grain  will  dissolve 
100  grains  of  coagulated  white  of  egg. 

To  prepare  the  digestion  fluid,  the  powder  is  dissolved  m 
distilled  water,  and  the  solution  filtered.  Or  the  powder  may 
be  dissolved  in  glycerin.    The  tissues  to  be  digested  may  be 


MACERATION,  DIGESTION,  AND  OOBUOSION.  277 

kept  for  some  hours  in  fcho  liquid  at  a  temperature  of  100°  F. 
(37°  C.) 

Brucke's  (from  Caknoy's  Biologie  cellulaire,  p.  94). 

Glycerinated  extract  of  pig's  stomach      .     1  vol. 

0-2  per  cent,  solution  of  HCl .        .        .3  vols. 

Thymol,  a  few  crystals. 
BicKFALVi's  {Centrahl.  med.  Wiss.,  1883,  p.  838).— One 
grm.  of  dried  stomachal  mucosa  is  mixed  with  20  c.c  of  0-5 
per  cent,  hydrochloric  acid,  and  put  into  an  incubator  for 
three  or  four  hours,  then  filtered.  Macerate  for  not  more 
than  half  an  hour  to  an  hour. 

KusKOw's  [Arch.  mile.  Anat.,  xxx,  p.  82).— One  part  of 
pepsin  dissolved  in  200  parts  of  3  per  cent,  solution  of 
oxalic  acid.  The  solution  should  be  freshly  prepared,  and 
the  objects  (sections  of  hardened  Ligamentum  Nuchas) 
remain  in  it  at  the  ordinary  temperature  for  ten  to  forty 
minutes. 

549.  Pancreatin, — Schieppeedecker's  [Zeii.  iciss.  Mile,  iii, 
1886,  p.  483).— A  saturated  solution  of  the  " Pankreatinum 
siccum,"  prepared  by  Dr.  Witte,  Rostock,  is  made  in  distilled 
water,  cold,  and  filtered.  Pieces  of  tissue  (epidermis)  are 
macerated  in  it  for  three  to  four  hours  at  about  body 
temperature. 

KiJHNB's  {Unters.  a.  d.  Phyn.  Inst.  Univ.  Heidelberg,  i,  2, 1877,  p.  219). 
— Very  complicated. 

See  calso  Gedoelst,  La  Cellule,  iii,  1887,  p.  117,  and  v,  1889,  p.  126  ; 
Maas,  Festschr.  Kv.pffer,  1899,  p.  211,  and  Hoehl,  Arch.  Anat.  Phys., 
Anat.  Abth.,  1897,  p.  136  {\  to  f  per  cent,  solution  of  Mall's  or  Merck's 
pancreatin,  wittf  O'S  per  cent,  of  carbonate  of  soda  ;  for  demonstrating 
adenoid  tissue  in  paraffin  sections). 

Corrosion. 

550.  Corrosion  is  the  operation  of  destroying  the  soft  parts 
that  surround  hard  parts  that  it  is  desired  to  study  ;  in 
short,  a  means  of  cleansing  hard  parts  for  microscopic  study. 
It  has  been  applied  to  the  removal  of  surrounding  tissue 
from  injected  vessels  or  cavities.  For  this,  see  Altmann's 
Method  [Arch.  mile.  Anat.,  1879,  p.  471,  or  previous  editions)  ; 
also  Rejsek  [Bibliogr.  Anat.,  iv,  1897,  p.  229)  ;  B-RVBL^Anta. 
Avz.,  xiv,  1898,  p.  418)  ;  Denker  {Anat.  Ilefte.,  1900,  p  300)  ; 
TiiOMA  and  Fromherz  {Arch.  Enlwichelvngsmech,  vii,  1898. 
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p.  678)  J  Peabody  {Z.  Ball.,  Boston,  1897,  p.  164).  The  fol- 
lowing sections  relate  chiefly  to  the  cleansing  of  native  liard 
parts. 

551.  Caustic  Potash,  Caustic  Soda,  Nitric  Acid.— Boiling,  or 
long  soaking  in  a  strong  solution  of  either  of  these  is  an 
ofHcient  means  of  removing  soft  parts  from  skeletal  structures 
(appendages  of  Arthropods,  spicula  of  sponges,  etc.). 

552.  Eau  de  Javelle  (Hypochlorite  of  Potash)  (Noli,,  Zool. 
Anzeig.,  122,  1882,  p.  528).— A  piece  of  sponge,  or  similar 
object,  is  brought  on  to  a  slide  and  treated  with  a  few  drops 
of  eau  de  Javelle,  in  which  it  remains  until  all  soft  parts 
are  dissolved.  (With  thin  pieces  this  happens  in  twenty  to 
thirty  minutes.)  The  preparation  is  then  cautiously  treated 
with  acetic  acid,  which  removes  all  precipitates  that  may 
have  formed,  dehydrated,  and  mounted  in  balsam. 

The  process  is  applicable  to  calcareous  structures. 

553.  Eau  de  Labarraque  (Hypochlorite  of  Soda)  may  be  used 
in  the  same  way  as  eau  de  Javelle.  Looss  {Zool.  Anzcitj., 
1885,  p.  333)  finds  that  either  of  these  solutions  will  com- 
pletely dissolve  chitin  in  a  short  time  with  the  aid  of  heat. 
For  this  purpose  the  commercial  solution  should  be  taken 
concentrated  and  boiling. 

If  solutions  diluted  with  4  to  6  volumes  of  water  be  taken, 
and  chitinous  structures  be  macerated  in  them  for  twenty- 
four  hours  or  more,  accoi'ding  to  size,  the  chitin  is  not  dis- 
solved, but  becomes  transparent,  soft  and  permeable  to 
staining  fluids,  aqueous  as  well  as  alcoholic.  The  most 
delicate  structures,  such  as  nerve-endings,  are  stated  not  to 
be  injured  by  the  treatment.  The  method  is  applicable  to 
Nematodes  and  their  ova,  and  also  to  the  removal  of  the 
albumen  from  ova  of  Amphibia,  etc. 
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DROALCIFIOATION,   DESILICLKTOATTON,   AND  nLEACIIING. 

Decalcification. 

554.  Decalcification,— In  order  to  obtain  the  best  results,  it 
is  important  to  employ  only  material  tliat  has  been  duly  fi^.ed 
and  hardened,  and  it  is  well  not  to  put  too  much  confidence  in 
reagents  that  are  said  to  have  the  property  of  hardening  and 
decalcifying  fresh  material  at  the  same  time. 

It  is  generally  well  also  to  employ  fluids  that  contain 
substances  having  a  shrinking  action  on  tissues,  so  as  to 
neutralise  the  swelling  frequently  brought  about  by  the 
decalcifying  acids.  Large  quantities  of  liquid  should  be 
employed. 

After  decalcification  the  excess  of  acid  should  be  carefully 
removed  by  washing,  not  in  water,  which  favours  swelbng, 
but  in  some  liquid  that  has  rather  a  shrinking  action,  e.  g. 
alum  solution.  Lastly,  the  tissues  should  be  neutralised  "by 
treatment  with  carbonate  of  lime,  or  a  salt  of  lithium  or 
sodium  or  the  like. 

RoussKAu  X^eit-  iciss.  M>k.,  xiv,  1897,  p.  207)  imbeds 
fi.x-ed  material  in  celloidin,  brings  it  into  85  per  cent,  alcohol, 
decalcifies  in  a  very  acid  mixture  (15  to  40  percent,  of  nitric 
acid  in  alcohol),  washes  out  the  acid  in  alcohol  containing 
precipitated  carbonate  of  lime,  then  cuts  sections.  'J'his  for 
Porifera,  corals,  Echinoderms,  etc.  Tissues  are  said  to  be 
well  preserved. 

This  process  has  been  applied  to  the  study  of  the  temporal 
bone  of  Mammals  by  Stein  [Anat.  Anz.,  xvii,  1900,  p.  318). 

Similarly  Bodecker  {Zeit.  wiss.  Mih.,  xii,  p.  190  j  xxv,  p. 
21  ;  xxvi,  p.  206  ;  and  xxviii,  p.  158),  in  a  complicated  way, 
adding  the  acid  (G  to  10  per  cent.)  to  the  thin  celloidin 
solution  taken  for  imbedding. 
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555.  Decalcification  of  Bone. — I  tako  tlic  following  from 
BuscHj  Arch.  mile.  Anat.,  xiv,  1877,  p.  481;  see  also  Hauo, 
in  Zeit.  iviss.  Mih.,  viii,  1891,  p.  1  ;  and  Sciiaffek,  xhid.,  xix, 
1903,  pp.  308  and  441,  and  his  paper  in  the  Encyd.  mih. 
Technih. 

The  most  widely  used,  though  not  the  best,  agent  for 
decalcification  is  hydrocfiloric  acid.  Its  action  is  i-apid, 
even  when  every  dilute,  but  causes  serious  swelling  of  the 
tissues.  To  remedy  this,  chromic  acid  or  alcohol  may  be 
added  to  it.  Or  a  3  per  cent,  solution  of  the  acid  may 
be  taken  and  have  dissolved  in  it  10  to  15  per  cent,  of 
common  salt.  Or  (Wai-deyeb)  to  a  xTyVtr  P^^'  c^"^-  solution 
of  chloride  of  imlladnim  may  be  added  -j^  of  its  volume  of 
HCl. 

Chromdc  acid  is  also  much  used,  but  has  a  very  weak  de- 
calcifying action  and  a  strong  shrinking  action  on  tissues. 
For  this  reason  it  should  never  be  used  in  solutions  oF  more 
than  1  per  cent,  strength,  and  for  delicate  structures  much 
lower  strengths  must  be  taken. 

Vhof<fhoric  acid  has  been  recommended  for  young  bones. 

Acetic,  lactic  and  'pyroligneoiis  acids  have  considerable 
decalcifying  power,  but  cause  great  swelling.  Picric  acid, 
has  a  very  slow  action,  and  is  only  suitable  for  very  small 
structures. 

556.  Nitric  Acid  (Busch,  loc.  cit.).— To  all  other  agents 
BusCH  prefers  nitric  acid,  which  causes  no  swelling  and  acts 
most  efficaciously. 

One  volume  of  chemically  pure  nitric  acid  of  sp.  gr.  1-2.5 
is  diluted  with  10  vols,  water.  It  may  be  used  of  this 
strength  for  very  large  and  tough  bones ;  for  young  bones  it 
may  be  diluted  down  to  1  per  cent. 

Fresh  bones  are  first  laid  for  three  clays  in  9.5  per  cent, 
alcohol ;  they  are  then  placed  in  the  nitric  acid,  ivhich  is 
changed  daily,  for  eight  or  ten  days.  They  must  be  removed 
as  soon  as  the  decalcification  is  complete,  or  else  they  will 
become  stained  yellow.  "When  removed  they  are  washed 
for  one  or  two  hours  in  running  water  and  placed  in  95  per 
cent,  alcohol.  This  is  changed  after  a  few  days  for  fresh 
alcohol. 

Young  and  foetal  bones  may  be  placed  in  the  first  instance 
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in  a  mixture  containing  1  per  cent,  biclivomate  of  potash  and 
^  per  cent,  chromic  acid,  and  decalcified  with  nitric  acid  of 
Tto  2  per  cent.,  to  which  may  be  added  a  small  quantity  of 
chromic  acid  (jV  pei'  cent.)  or  bicliroinate  of  potash  (1  per 
cent.).  By  putting  them  afterwards  into  alcohol  a  green 
stain  is  obtained. 


557.  Nitric  Acid  (Schafi-ei;,  Zeit.  u-ws.  Mih.,  xix,  1903, 
p.  460).— ScHAFFER  also  finds  nitric  acid  the  best  reagent. 
It  should  be  taken  pure  ;  the  addition  of  formol,  alcohol,  or 
the  like,  slows  the  reaction.  The  best  strength  is  from  3  to 
5  per  cent.  Objects  must  not  be  washed  out  directly  with 
water,  and  washing  in  salt  solution,  alcohol,  phloroglucin,  or 
formol  is  not  sufficient  to  prevent  swelling.  Alum  in  5  per 
cent,  solution  is  good,  but  not  necessary.  Material  should 
be  well  fixed  and  imbedded  in  celloidin  (§  554)  ;  harden  in 
alcohol;  remove  the  alcohol  with  water;  put  for  12  to  24 
hours  (large  specimens  longer)  into  nitric  acid  of  3  to  5  per 
cent ,  then  into  a  5  per  cent,  solution  of  sulphate  of  lithium 
or  sodium,  to  be  changed  once  in  the  course  of  12  to  24 
hours  ;  running  water,  48  hours  ;  alcohol. 


558.  Nitric  Acid  and  Alcohol.— 3  per  cent,  of  nitric  acid  in 
70  per  cent,  alcohol.  Mayer  has  long  used  5  per  cent,  acid 
in  90  per  cent,  alcohol.  Soak  specimens  for  several  days 
or  weeks.  Pure  nitric  acid,  even  if  weak,  readily  exercises 
a  gelatinising  action  on  bone ;  whilst  the  addition  of  alcohol 
(or  of  alum}  counteracts  this  action  (Fish,  Rcf.  Handb.  Med. 
Sci.,  Supp.,  p.  425). 

Thoma  {Zeit.  icisH.  Mih.,  viii,  2,  1891,  p.  191)  takes  five 
vols,  of  95  per  cent,  alcohol  and  1  volume  pure  concentrated 
nitric  acid.  Leave  bones  in  this  mixture,  changing  the  liquid 
every  two  or  three  days,  until  thoroughly  decalcified,  which 
should  happen,  even  with  large  bones,  in  two  or  three  weeks. 
Wash  out  until  every  trace  of  acid  is  removed  (i.  e.  for  some 
days  after  no  acid  reaction  is  obtained  with  litmus  paper)  in 
95  per  cent,  alcohol  containing  an  excess  of  precipitated 
carbonate  of  lime.  Tliis  may  take  eight  to  fourteen  days, 
after  which  the  tissues  will  stain  Avell  and  may  be  treated  as 
desired. 
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559.  Nitric  Acid  and  Formol.— SciriiiDDK  [lln'.malol.  Teclm., 
Jona,  1910,  p.  21)  docalcifios  matorial  fixed  in  formol  or 
fonnol-Miiller  in  a  mixture  o£  1  part  oi:  formol,  1  of  nitric 
acid,  and  9  of  water. 

560.  Nitric  Acid  and  Alum  (Gage,  quoted  from  Fish,  §  .558). 
— A  saturated  aqueous  solution  of  alum  is  diluted  with  an 
equal  volume  of  water,  and  to  each  100  c.c.  of  tlie  dilute 
solution  is  added  5  c.c.  of  strong  nitric  acid.  Change  every 
two  or  three  days,  nntil  the  decalcification  is  complete.  For 
teeth  this  is  said  to  be,  perhaps,  a  better  decalcifier  than  the 
alcohol  mixture. 

561.  Sulphurous  Acid  (Zieglei;,  Festxchr.  f.  KupJJ'cr,  1890, 
p.  51). — A  saturated  solution  in  water.  Wash  out  for  24. 
hours.  Acts  rapidly  and  preserves  well.  Best  used  after 
fixation  with  formol. 

562.  Hydrochloric  Acid  (see  §  5.55). — Eanvier  says  that  it  maybe 
taken  of  50  per  cent,  strength,  and  then  has  a  very  rapid  action.  To 
counteract  the  swelling  action  of  the  acid,  sodium  chloride  may  he  added 
(von  Ebner),  see  Haug's  paper  quoted  §  555.  He  takes  either  100  c.c. 
cold  saturated  solution  of  sodium  chloride  in  water,  100  c.c.  water,  and 
4  c.c.  hydrochloric  acid.  Preparations  to  he  phiced  in  this,  and  1  to  2  c.c. 
hydrocliloric  acid  added  daily  until  they  are  soft.  Or,  2'5  parts  of 
hydrochloric  acid,  500  of  alcohol,  100  of  water,  and  2'5  of  sodium  chloride. 
Haug  prefers  the  proportions  of  I'O  to  5'0  of  acid,  70  of  alcohol,  30  of 
water,  and  0'5  of  salt. 

583.  Hydrochloric  Acid  and  Chromic  Acid  (Bayebl,  Arch.  mile. 
Anat.,  1885,  p.  35).— Equal  parts  of  3  per  cent,  chromic  acid  and  1  per 
cent,  hydrochloric  acid.  For  ossifying  cartilage.  Haug  recommends 
equal  parts  of  1  per  cent,  hydrochloric  acid  and  1  per  cent,  chromic  acid 
[loc.  cit.). 

564.  Hydrochloric  Acid  and  Glycerin.— Glycerin,  95  ;  hydrochloric 
acid,  5  (Squiee's  Metliods  and  Formuhv,  p.  12). 

565.  Trichloracetic  Acid.— Partsch  {Verh.  Ges.  D.  Natnrf. 
Aertze,  1895,  2  Theil,  2  Hiilfte,  p.  26)  uses  a  5  per  cent, 
aqueous  solution,-  and  NisuBHRGEB  {Gcntralh.  Phys.,  xi,  1897, 
p.  494)  a  4  per  cent.  one.  Action  energetic,  pi-eservation 
said  to  be  excellent. 
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566  Picric  Acid  should  bo  taken  saturated  and  chnnged  frequently. 
Its  action  is  weak,  but  it  gives  good  results  with  small  objects. 
Picro-nilric  or  Picro-hydrochloric  Acid.-Aotion  very  ra,pid. 

567.  Phosphoric  Acid.-lO  to  15  per  cent.  (Haug,  loc.  cii.  in  §  555j 
Somewhat  slow,  staining  not  good.    According  to  Schafpbk,  §  5.7,  it 
produces  swelling. 

568.  Lactic  Aeid.-lO  per  cent,  or  more.    Fairly  rapid,  preserves 
well,  and  may  be  recommended  (Haug,  loc.  cit.). 

589.  Chromic  Acid  is  employed  in  strengths  of  from  Ol  per  cent,  to 
2  per  cent,  (but  see  §  555),  the  maceration  lasting  two  or  three  weeks  (m 
the  case  of  bone).  It  is  better  to  take  the  acid  weak  at  first,  and  mcrease 
the  strength  gradually.    Action  excessively  slow. 

570.  Chromic  and  Nitric  Acid.-SBILER  (Foi,,  ie/n  b.,p.  112)  takes 
70  volumes  of  1  per  cent,  chromic  acid,  3  of  nitric  acid,  and  200  of  water. 
The  action  is  still  excessively  slow,  frequently  requinng  months  to  be 
complete. 

571.  Chromo-aceto-osmic  Acid  (Van  ver  Stricht,  Arch.  Biol, 
ix,  1889,  p.  29;  and  Schaffer,  Zeit.  wiss.  Mik.,  x,  1893, 
p.' 179) .—Objects  to  be  left  in  it  for  montlis,  the  liquid  being 
changed  at  first  every  two  days,  afterwards  less  frequently. 
Structure  well  preserved. 

572.  Arsenic  Acid.— 4  per  cent,  aqiieous  sohition,  used  at  a  tempera- 
ture of  30°  to  40°  C.  (SQtriEE's  Methods  and  Formuhv,  etc.,  p.  11). 

573.  Phloroglucin  with  Acids  (Andeee,  CentraTb.  med.  Wiss., 
xii,  xxxiii,  pp.  193,  579 ;  Intern.  Monatssclir.,  i,  p.  350 ;  Haug,  Zeit. 
wiss.  Mile,  viii,  1891,  p.  8;  Fekrebi,  ibid.,  ix,  1892,  p.  236;  Bidl.  U_ 
Ar.cad.  Med.  di  Boma,  1892,  p.  67). -This  is  said  to  be  the  most  rapid 
method  of  anj.  Phloroglucin  by  itself  is  not  a  solvent  of  lime  salts ; 
its  function  in  the  mixture  given  below  is  so  to  protect  the  orgamc 
elements  of  tissues  against  the  action  of  the  mineral  acid  that  this  can 
be  used  in  a  much  more  concentrated  form  than  would  be  otherwise 

advisable.  .  ^ 

Andeee  takes  a  saturated  solution  in  warm  water,  and  adds  to  it  o  to 

50  per  cent,  of  hydrochloric  acid.    Wash  out  in  running  water. 

Other  acids  than  hydrochloric  may,  of  course,  be  taken.    See  Hattg, 

Zeit.  luiss.  Mik.,  viii,  1891,  p.  8,  and  Ferkbei,  Bull.  Acad.  Med.  Boma, 

1892,  p.  67,  or  (for  both)  fifth  edition. 

Desilicification . 

574.  Hydrofluoric  Acid  (Mayer,  Zool.  Anz.,  1881,  p.  593).— 
The  objects  are  brought  in  alcohol  into  a  glass  vessel  coated 
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inbenially  with  paraffin.  Hydrofluoric  acid  is  tlioii  added 
drop  by  drop  (taking  great  care  to  avoid  the  fumes,  which 
attack  niucons  membranes  with  great  energy).  Small  pieces 
of  siliceous  sponges  will  be  completely  desilicified  in  a  few 
hourSj  or  at  most  a  day.     The  tissues  do  not  suffer. 

For  sponges  I  find  that  this  dangerous  method  can  he  avoided.  If 
well  imbedded,  sections  may  be  made  from  them  without  previous 
removal  of  the  spicula,  which  appear  to  break  off  shai-p  before  the 
knife. 

Rousseau  imbeds  the  objects  in  celloidin,  as  described  §  554,  then 
brings  the  block,  in  a  covered  caoutchouc  dish,  for  a  day  or  two  into  a 
mixture  of  50  c.c.  alcohol  and  20  to  30  drops  of  hydrofluoric  acid,  and 
washes  out  the  acid  with  alcohol  containing  carbonate  of  lithia  in 
powder. 

Bleaching. 

575.  Mayicr's  Chlorine  Method  [Mitth.  Zaol.  Stat.  Nmpel, 
ii,  1881,  p.  8). — Put  into  a  glass  tube  a  few  crystals  of 
chlorate  of  potash,  add  two  or  three  drops  of  hydrochloric 
acid,  and  as  soon  as  the  green  colour  of  the  evolving  chlorine 
has  begun  to  show  itself,  add  a  few  cubic  centimetres  of 
alcohol  of  50  to  70  per  cent.  Now  put  the  objects  (which 
must  have  previously  been  soaked  in  alcohol  of  70  to  90  per 
cent.)  into  the  tube.  They  float  at  first,  but  eventually 
sink.  They  will  be  found  bleached  in  from  a  quarter  of  an 
hour  to  one  or  two  days,  without  the  tissues  having  suffered. 
Only  in  obstinate  cases  should  the  liquid  be  warmed  or  more 
acid  taken.  Sections  on  slides  may  be  bleached  in  this  Avay. 
Instead  of  hydrochloric  acid  nitric  acid  may  be  taken,  in 
which  case  the  active  agent  evolved  is  oxygen  instead  of 
chlorine. 

This  method  serves  both  for  removing  natural  pigments, 
such  as  those  of  the  skin  or  of  the  eyes  of  Arthropods,  and 
also  for  bleaching  material  that  lias  been  blackened  by 
osmic  acid,  and,  according  to  renewed  experiments  of 
Mayee's,  is  to  be  preferred  to  the  peroxide  of  hydrogen 
method. 

For  bleaching  chitin  of  insects,  not  alcohol  but  water 
should  be  added  to  the  chlorate  and  acid  (Mayer),  Arcli.Anat. 
Fhys.,  1874,  p.  321). 

See  also  Mayer  in  Zeit.  wiss.  Mile,  xxiv,  1907,  p.  353  (parafiBu  sections 
exposed  to  the  vapour  of  chlorine  water), 
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Gbynfeltt  and  Mesteezat  (C.  J?.  Soc.  Biol.,  Ixi,  1906,  p.  87)  add 
2  CO.  of  20  per  cent,  solution  of  chloric  acid  (HCIO:,)  to  15  c.c.  of  alcohol 
and  put  sections  (of  retina)  into  it  for  several  hours  at  42°  C. 

576.  Eau  de  Labarraque.  Eau  de  Javelle  (see  §§  552,  553). — 
These  are  bleaching  agents.  For  the  manner  of  preparing  a  similar 
solution  see  early  editions,  or  Joimi.  da  Microgr.,  1887,  p.  154,  or  Journ. 
Roy.  Mic.  Soc,  1887,  p.  518.  Of  course,  the  method  cannot  he  used  for 
bleaching  soft  parts  which  it  is  desired  to  preserve. 

577.  Peroxide  of  Hydrogen  (Oxygenated  Water)  (Pouciiet's 
method,  M.  Duval,  Precis,  etc.,  p.  234)  .—Macerate  in 
glycerin,  to  which  has  been  added  a  little  oxygenated  water 
(§  35),  5  to  6  drops  to  a  watch-glass  of  glycerin.  Solgeic 
{Centralhl.  med.  Wiss.,  xxi,  1883,  p.  177)  takes  a  3  per  cent, 
solution  of  peroxide.     Furst   {Morph.  Arh.  SchwaJbe,  vi, 

1896,  p.  529)  points  out  that  after  a  time  it  macerates. 

The  method  serves  both  for  removing  pigments  and  for 
bleaching  osmic  and  chromic  material. 

578.  Peroxide  of  Sodium  (Caeazzi,  Zool.  Am.,  444,  1894,  p.  135).— 

See  precious  editions. 

579.  Peroxide  of  Magnesium  (Mayer,  Grundziige,  p.  290). — Use  as 
chlorine,  §  575.    A  slow  but  delicate  method. 

580.  Sulphurous  Acid, — Prof.  Gilson  writes  me  that  he  finds 
alcoholic  solution  of  sulphurous  anhydride  (SOg)  very  con- 
venient for  the  rapid  decoloration  of  bichromate  ohjectn.  A 
few  drops  suffice.  Monckebeeg  and  Bethe  {Arch.  mih.  Anat., 
liv,  1899,  p.  135)  obtain  the  acid  by  adding  to  10  c.c.  of  a 
2  per  cent,  ^solution  of  bisulphate  of  sodium  2  to  4  drops  of 
concentrated  hydrochloric  acid.  Objects  are  put  into  the 
freshly  prepared  solution  for  six  to  twelve  hours. 

581.  Permanganate  of  Potash. — Alfieri  [Monitore  Zool.  Itcd.,  viii, 

1897,  p.  57)  bleaches  celloidin  sections  of  the  choroid,  etc.,  for  eight  to 
twenty-four  hours  in  a  1 :  2000  solution  of  permanganate  of  potash,  then 
washes  them  out  for  a  few  hours  in  a  solution  of  oxalic  acid  of  1  :  300 
strength,  or  weaker. 

582.  Geenachee's  Mixture  for  Eyes  of  Arthropods  and  other 
Animals  {Abh.  nat.  Ges.  Halle-a.-S.,  xvi;  Zeit.  wiss.  Mile,  1885,  p.  244), 

Glycerin  1  part. 

80  per  cent,  alcohol  2  parts. 

Mix  and  add  2  to  3  per  cent,  of  hydrochloric  acid. 
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Pigments  (/.  e.  those  in  question)  dissolve  in  this  fluid,  and  so  doing 
form  !i  stain  wliidi  suffices  in  twelve  to  twenty-four  hours  for  staining 
the  nuclei  of  the  preparation. 

583.  Nitric  Acid.— Pakkkr  (Bull.  Mun.  Covip.  ZuoL,  Cambridge, 
U.S.A.,  1889,  p.  173)  treats  sections  (of  eyes  of  scorpions)  fixed  to  the 
slide  with  ScH  aLLIIiaum's  medhun,  for  about  a  minute  with  a  solution  of 
np  to  50  per  cent,  of  nitric  acid  in  alcohol,  or,  still  better,  with  a  35  per 
cent,  solution  of  a  mixture  of  equal  parts  of  nitric  and  hydrochloric 
acid  in  alcohol.  To  make  the  solution,  the  acid  should  be  poured  slowly 
into  the  alcohol  (not  vice  vorsd),  and  the  mixture  kept  cool. 

Jander  (Zcit.  wiss.  Mile,  XV,  1898,  p.  163)  takes  for  removal  of  pig- 
ments-Seilek's  chromo-nitric  acid  (§  570) ;  twelve  to  forty-eight  hours 
is  enough  for  small  oljjects. 

See  also  under  "  Arthropoda." 

584.  Caustic  Soda.— Rawitz  (Lcitjadev,^.  29)  dissolves  the  pigment 
of  the  mantle  of  Lamellibranchia  by  means  of  3  to  9  drops  of  officinal 
caustic  soda  solution  added  to  15  to  20  c.c.  of  96  per  cent,  alcohol. 
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EMBRYOLOGlCvVI-  METHODS.* 

585.  Artificial  Fecundation.— This  practice,  wliicli  affords 
the  readiest  means  of  obtaining  the  early  stages  of  develop- 
ment of  many  animals,  may  be  very  easily  carried  out  in  the 
case  of  the  Amphibia  aimra,  Teleostea,  Cyclostomata,  Echino- 
dermata,  and  many  Vermes  and  Ccelenterata. 

In  the  case  of  the  Amphibia,  both  the  female  and  the 
male  should  be  laid  open,  and  the  ova  should  be  extracted 
from  the  uterus  and  placed  in  a  watch-glass  or  dissecting 
dish,  and  treated  with  water  in  which  the  testes,  or,  better, 
the  vasa  differentia,  of  the  male  have  been  teased. 

Females  of  Teleostea  are  easily  spawned  by  manipulating 
the  belly  with  a  gentle  pressure  ;  and  the  milfc  may  be 
obtained  from  the  males  in  the  same  way.  (It  may  occa- 
sionally be  necessary,  as  in  the  case  of  the  Stickleback,  to 
kill  the  male,  and  dissect  out  the  testes  and  tease  tbem.) 
The  spermatozoa  of  fish,  especially  those  of  the  Salmonid^, 
lose  their  vitality  very  rapidly  in  water;  it  is,  therefore, 
advisable  to  add  the  milt  immediately  to  the  spawned  ova, 
then  add  a  ^ittle  water,  and  after  a  few  minutes  put  the 
whole  into  a  suitable  hatching  apparatus  with  running 
water. 

Artificial  fecundation  of  Invertebrates  is  easily  performed 
in  a  similar  way.  For  methods  of  artificial  Parthenogenesis 
see  Harvey,  Biol.  Bull.  Wood's  Hole,  1910,  p.  269. 

*  The  sections  in  this  chapter  treating  of  Mammalia,  Aves,  and  Pisces, 
closely  follow  the  Traite  des  Methodes  Teclmiques,  Lee  et  Henneguy, 
and  are  due  almost  entirely  to  Henneguy.  The  corresponding  parts 
of  the  Grundzilfje,  Lee  and  Mayee,  are  taken  from  this  work,  and  there- 
fore also  dne  to  Henneguy,  which  I  regret  to  observe  has  not  always 
been  understood,  though  duly  pointed  out  in  the  Preface  to  the  first 
edition  of  the  Grandzugc. 
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586.  Superficial  Examination.— Tliu  devolopiiieiit  ol"  some 
aniiuiils,  pavticuUirly  soino  in vortob rates,  may  be  to  a  certain 
extent  followed  by  observations  of  tlie  living  ova  under  tlie 
microscope.  This  may  usefully  be  done  in  the  case  ol' 
various  Teleosteans,  such  as  the  Stickleback,  the  Perch, 
Macropodus,  and  several  pelagic  forms,  and  with  Chirunomun, 
Aselliis  aquatims,  Ascidians,  Flanorhia,  many  Coelenterata, 
etc. 

Some  ova  of  Insecta  and  Avachuida  which  are  completely 
opaque  under  normal  conditions  become  transparent  if  they 
are  placed  in  a  drop  of  oil;  if  care  be  taken  to  let  their 
sui-face  be  simply  impregnated  with  the  oil,  the  normal  course 
of  development  is  not  interfered  with  (Balbiani). 

587.  Fixation.— Osmic  acid,  employed  either  alone  or  in 
combination  with  other  reagents,  is  an  excellent  fixing  agent 
for  small  embryos,  but  not  at  all  a  good  one  for  large  ones. 
It  causes  cellular  elements  to  shrink  somewhat,  and  therefore 
brings  out  very  clearly  the  slits  that  separate  germinal  layers, 
and  any  channels  or  other  cavities  that  may  be  in  course  of 
formation. 

In  virtue  of  its  property  of  blackening  fatty  matters, 
myelin  amongst  them,  it  is  of  service  in  the  study  of  the 
development  of  the  nervous  system. 

Chromic  acid  is  indispensable  for  the  study  of  the  external 
forms  of  embryos  ;  it  brings  out  elevations  and  depressions 
clearly,  and  preserves  admirably  the  mutual  relations  of  the 
parts;  but  it  does  not  always  preserve  the  forms  of  cells 
faithfully,  and  is  a  hindrance  to  staining  in  bulk. 

Picric  liquids  have  an  action  which  is  the  opposite  of  that 
of  osmic  acid ;  they  cause  cellular  elements  to  swell  some- 
what, and  thus  have  a  tendency  to  obliterate  spaces  that 
may  exist  in  the  tissues.  But  notwithstanding  this  defect, 
the  picric  compounds,  and  especially  Kleinenberg's  picro- 
sulphuric  acid,  are  amongst  the  best  of  embryological  fixing 
agents. 

SCHEIDDE  [Zeit.  luiss..  Mil.,  xxvii,  1910,  p.  362)  finds  Orth  s 
"  Formol-Miiller  "  in  general  the  best  fixative.  Fix  for  not 
more  than  24  hours,  and  pass  through  graded  alcohols  (20 
minutes  in  each)  into  absolute  (1  to  2  hours),  cedar  oil, 
xylol,  and  paraffin. 
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Rabl  {Zeit.  wiss.  Mile,  xi,  1894,  p.  165)  recommends  for 
embryos  of  Vertebrates,  and  also  for  other  objects,  his  platinic 
sublimate,  §  76.  This  serves  for  a  large  number  of  blasto- 
derms and  young  embi-yos  (Pisces,  Amphibia,  Aves,  Mam- 
malia). Advanced  embryos  of  Teleostea  ought  to  be  fixed 
in  the  ivarmed  mixture,  in  order  to  avoid  rupture  of  the 
muscles  and  shrinkage  of  the  chorda. 

Some  of  his  best  results  were  obtained  by  a  not  too  pro- 
longed fixation  in  a  mixture  of 

Platinic  chloride,  1  per  cent,  solution      .     1  vol. 
Picric  acid,  saturated  aqueous         .        .     2  vols 
Distilled  water      .        .        .        .        .  7 

Rabl's  picro-sublimate  mixture  has  been  given  §  70.  It 
is  recommended  especially  for  somewhat  advanced  embryos, 
such  as  embryo  chicks  from  the  third  or  fourth  day,  and 
other  embryos  of  a  similar  size. 

BovEEi  {Verli.  Phys.  Med.  Ges.  Wurzburg,  xxxix,  1895,  p.  4),  in  order  to 
imbed  and  cut  together  numbers  of  ova  of  Echinoderms,  wraps  them  in 
pieces  of  sloughed  epidermis  of  Cryptohranchus  (of  course,  other  Urodela 
will  do).  SoBOTTA  {Arch.  mih.  Anat.,  1,  1897,  p.  31)  takes  pieces  of 
amnios  of  Mammalia. 

Sanzo  {Zeit.  wiss.  Mih.,  xxi,  1904,  p.  449)  describes  an  automatic 
apparatus  for  fixing  material  at  definite  stages. 

588.  Peter's  Double-stain  for  Yolk  and  Tissue,  see  §  224. 

589.  Removal  of  Albumen. — The  thick  layers  of  albumen 
that  surround  many  ova  are  a  serious  obstacle  to  the  penetra- 
tion of  reagenAs.  Child  {Arch.  Entwichelungsmech.,  ix,  1900, 
p.  587)  gives  the  following  as  of  very  general  applicability. 
After  fixation  (in  any  way  except  with  chromic  acid)  the  ova 
are  brought  through  graduated  alcohols  up  to  that  of  80 
per  cent.,  in  which  they'  are  hardened.  They  are  bhen 
brought  down  again  through  successive  alcohols  into  water 
acidified  lightly  with  any  acid  (except  chromic  acid),  and  the 
albumen  is  found  to  become  transparent  and  dissolve. 

590.  Reconstruction  of  Embryos  from  Sections. — To  facilitate 
the  study  of  series  of  sections,  recourse  may  be  had  to 
graphic  or  plastic  reconstruction  of  the  objects. 

In  simple  cases  it  may  be  sufficient  to  adopt  the  plan 
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described  by  Schafkeh  {Zeit.  iviss.  Mih.,  vii,  1890,  p.  342). 
Careful  outlines  of  the  sections  to  be  reconstructed  are  drawn 
on  tracing  paper  with  the  aid  of  the  camera  lucida,  super- 
posed, and  held  np  against  the  light  for  examination  by 
transparence.     Vosmaeh  [Anat.  Anz.,  xvi,  1899,  p.  269)  draws 
on  plates  of  celluloid,  and  sets  them  up  in  a  rack  for  ex- 
amination.   Kekr  [Quart.  Joimi.  Mic.  8ci.,  xlv,  1902,  p.  1) 
draws  on  plates  of  ground  glass  which  he  afterwards  super- 
poses and  makes  transparent  by  oil  of  cloves  run  in  between 
them.    Pensa  {Zeit.  iviss.  Mihr.,  xxvii,  1910,  p.  48)  takes 
sheets  of  lithographic  gelatin.    Woodwoeth  {Zeit.  wiss.  Mile, 
xiv,  1897,  p.  15)  proceeds  as  follows  :    (1)  Draw  an  axial 
line  of  the  length  of  the  object  multiplied  by  the  magnifi- 
cation employed.       (2)    Measure   with   a  micrometer  the 
greatest  diameter  of  each  section.     (3)  Plot  these  diameters 
down  transversely  on  the  axial  line  at  distances  correspond- 
ing to  the  thickness  of  the  sections  multiplied  by  the 
mao-nification.     (4)  Join  the  extremities  of  these  diameters; 
this  will  give  you  an  outline  of  the  object.     (5)  Measure  off 
on  each  section  the  nearest  and  farthest  limits  (from  the 
margin)  of  the  organs  to  be  filled  in,  and  plot  them  down  on 
the  transverse  lines  (3),  and  join  the  points  as  before,  i.  c. 
from  section  to  section  ;   this  will  give  you  the  outlines  of 
the  organs. 

This  process  is  best  applicable  to  reconstruction  from 
transverse  sections,  but  it  can  be  applied  to  reconstruction 
from  sections  in  any  plane  if  the  object  can  be  provided  with 
a  plane  of  definition  at  right  angles  to  the  plane  of  section. 
This  may  be  established  by  cutting  off  one  end  of  the  object, 
or  the  like  (see  also  Orientation,  §§  142,  161). 

To  make  a  simple  plastic  reconstruction,  camera  drawings 
(or  photographs)  of  the  sections  (all  made  at  the  same 
magnification)  are  pasted  on  pieces  of  cardboard  of  a  thick- 
ness equal  to  that  of  the  sections  multiplied  by  the  magnifi- 
cation employed.  Then  the  parts  of  the  drawings  representing 
the  cavities  of  the  objects  are  cut  out  with  a  knife  or  fret- 
saw, cutting  through  the  cardboard ;  and  the  pieces  of  fret- 
work thus  obtained  are  pasted  together. 

For  more  elaborate  processes  of  plastic  reconstruction  (very  compli- 
cated and  seldom  necessary)  see  Bobn.  "  Die  Pl^^^tenmode  Ixrmethode 
m  Arch.  mik.  Anat.,  1883,  p.  591,  and  Zeit.  mss.  Mzk.,  v,  1888,  p.  433, 
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Strasser,  ibid.,  iii,  18S6,  p.  179,  and  iv,  pp.  168  and  oGO ;  Kastschenko, 
ibid.,  iv,  1887,  pp.  235-6  and  353,  aaid  v,  1888,  p.  173;  Schapkr,  ibid., 
xiii,  1897,  p.  446 ;  Alexander,  ibid.,  p.  331.,  and  xv,  1899,  p.  446 ; 
Peter,  ibid.,  xxii,  1906,  p.  530;  Born  and  Peter,  ibid.,  xv,  1,  p.  31 ; 
and  Verh.  Anat.  Ges.,  xiii,  1899,  p.  134 ;  Johnston,  Anat.  Am.,  xvi, 
1899,  p.  261 ;  FOL,  Lehib.,  p.  35  or  frevioiis  editions ;  Broman,  Anat. 
Hefte,  xi,  1899,  p.  557 ;  Peter,  "  Die  Mefclioden  d.  Relconstrnction  " 
(Fischer,  Jena,  1906);  Schonemann,  Anat.  Hefte,  xviii,  1901,  p.  117; 
Gage,  Anat.  Record,  i,  1907,  p.  167 ;  Neumayeb,  Featiichr.  f.  Kiqiffer, 
1899,  p.  459 ;  Mark,  Proc.  Amer.  Acad.  Sci.,  xiii,  1907,  p.  629  (electric 
wax-cutter  foi'  cutting  out  plates). 

Hill  {Btdl.  Johns  Hoplcins  Hosp.,  xvii,  1906,  p.  114)  finds  that  embryos 
of  mammalia  taken  from  95  per  cent,  alcohol  and  pvit  into  caustic  potash 
of  1  per  cent,  l^ecome  so  transparent  that  they  can  be  studied  without 
cutting  and  reconstriicting. 

Mammalia. 

591.  Rabbit — Dissection. — For  the  study  of  the  early  stages 
the  ova  mast  be  soaght  for  in  the  tuhie  a  certain  number  of 
hours  after  copulation.  The  dehiscence  of  the  follicles  takes 
place  about  ten  hours  after  the  first  coitus.  The  tnh^  and 
cor (Uid  having  been  dissected  out  should  be  allowed  to  cool, 
and  remain  until  the  muscular  contractions  have  ceased. 
Then,  with  the  aid  of  fine  scissors  or  a  good  scalpel,  all  the 
folds  of  the  genital  duct  are  carefully  freed  from  their 
peritoneal  investment. 

The  tuba3  are  then  (if  the  ova  are  still  within  them,  which 
is  the  case  up  to  the  end  of  the  third  day  after  coition)  laid 
out  on  a  long  slip  of  glass,  and  slit  up  longitudinally  by  means 
of  a  pair  of  fine,  sharp  scissors.  By  means  of  needles  and 
forceps  the  tttbal  mucosa  is  spread  out  so  as  to  smooth  out 
its  folds  as  much  as  possible,  and  is  carefully  looked  over 
with  a  strong  lens  or  with  a  lower  power  of  the  microscope. 
When  th  e  ova  are  found,  a  drop  of  some  "  in  different  "  liquid 
is  dropped  on  each,  and  it  is  carefully  taken  up  with  the 
point  of  a  scalpel,  a  cataract  needle,  or  a  small  pipette.  They 
may  be  examined  in  the  peritoneal  fluid  of  the  mother  if  the 
animal  has  been  killed,  or  in  its  aqueous  humour,  or  in 
amniotic  hquid,  or  in  blood-serum,  or  in  Kronecker's  or 
other  artificial  serum. 

If  you  have  not  been  able  to  find  the  ova  with  the  lens  or 
the  microscope,  scrape  off  the  epithelium  of  the  tubal  mucosa 
with  a  small  scalpel,  mix  it  with  a  little  indifferent  liquid, 
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and  look  I'or  tlie  ova  under  the  microscope  by  transmitted 
light. 

Another  method,  employed  by  Kollikkr,  consists  in  in- 
jecting solution  of  MiiLLER  or  weak  osmic  acid  into  the  oviduct 
by  means  of  a  small  syringe,  and  collecting  the  liquid  that 
runs  out  in  a  series  of  watch-glasses  in  which  the  ova  can 
very  easily  be  found  by  the  microscope. 

The  same  doe  may  be  made  to  serve  for  two  observations,  at  some 
hours'  or  days'  interval.    A  longitudinal  incision  of  8  to  10  centimetres' 
length  is  made  on  the  median  or  a  lateral  line  of  the  abdomen ;  an 
assistant  keeps  the  intestines  in  their  place  ;  a  ligature  is  placed  at  the 
base  of  one  of  the  uterine  cornua,  beneath  the  neck,  and  a  second 
ligature  around  the  mesometrium  and  mesovarium.    The  ovary,  the 
tuba  and  the  cornu  of  that  side  are  then  detached  with  scissors.  The 
abdomen  is  then  closed  by  means  of  a  few  sutiu-es  passing  through  the 
muscle-layers  and  the  skin.  The  animals  support  the  operation  perfectly 
well  and  the  development  of  the  ova  of  the  opposite  side  is  not  m  the 
least  interfered  with.    When  it  is  desired  to  study  these  the  amraal  may 
be  killed,  or  maybe  subjected  to  asecondary  laparotomy  if  it  be  desired 
to  preserve  it  for  ulterior  observations. 

During  the  fourth,  fifth,  and  sixth  days  after  copulation 
the  ova  of  the  rabbit  are  free  in  the  uterine  cornua;  they  are 
easily  visible  to  the  naked  eye,  and  may  be  extracted  by  the 
same  manipulations  as  those  of  the  tubes.    After  the  sixth 
day  they  are  at  rest  in  the  uterus,  but  have  not  yet  contracted 
adhesions  with  the  mucosa,  so  that  they  can  still  be  extracted 
whole     At  this  stage  the  parts  of  the  cornua  where  the  ova 
are  lodged  are  easily  distinguishable  by  their  peculiar  aspect, 
the  ova  forming  eminences  of  the  size  of  a  pea.    The  cornua 
should  be  cut  up  transversely  into  as  many  segments  as  there 
are  eminences,  care  being  taken  to  have  the  ova  m  the  centre 
of  the  segments.    You  then  fix  each  segment  by  means  ot 
two  pins  on  the  bottom  of  a  dissecting  dish,  with  the  meso- 
metrial  surface  downwards  and  the  ovular  eminence  upwards 
The  dissecting-dish  is  then  filled  up  with  serum  or  liquid  ot 
MiiLLEK,  or  0-1  per  cent,  solution  of  osmic  acid,  or  Kleinen- 
BERG's  picro-sulphuric   acid,  or  nitric  acid,  or  acetate  of 
uranium  solution.    With  a  small  scalpel  a  longitudinal  in- 
cision is  made  on  the  surface  of  the  ovular  eminence  not 
passing  deeper  than  the  muscular  layer ;  the  nnderlymg 
^  mucL  is  then  gently  dilacerated  with  two  pairs  of 
small  forceps,  and  the  ovum  set  free  in  the  liquid. 
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From  the  moment  the  ova  have  bocoine  adherent  to  the 
ntorine  mucosa  they  can  no  longer  be  extracted  whole.  The 
embryo  being  always  situated  on  the  mesometrial  surface,  the 
ovular  eminence  is  opened  by  a  crucial  incision,  and  the  strip 
of  mucosa  to  which  the  embryo  remains  adherent  is  fixed 
with  pins  on  the  bottom  of  the  dish.  Ed.  v.  Bkneuen  (see 
Arch,  de  Biol,  v,  fasc.  iii,  1885,  p.  378)  has  been  able  by 
operating  in  this  way  in  serum  of  Kronecker,  and  keeping 
the  whole  at  blood  temperature,  to  observe  the  circulation 
of  the  embryo  for  hours  together.  (If  this  be  desired  to  be 
done,  the  crucial  incision  should  not  be  too  extended,  so  as 
to  leave  the  terminal  sinus  intact.) 

Rettei;er  (C.  B.  8oc.  de  Biol,  1887,  p.  99)  advises  that 
for  ova  of  the  seventh  day  the  segment  of  uterus  containing 
them  be  opened  on  the  mesometrial  surface,  for  at  that  date 
no  adhesion  has  yet  been  contracted  with  that  side.  By 
running  in  liquid  of  Kleinenberg  by  means  of  a  pipette 
between  the  ovum  and  the  free  surface  of  the  uterus,  the 
ovum  may  be  got  away  in  the  shape  of  a  closed  vesicle. 

For  the  study  of  living  eggs  (of  Eats  and  Mice)  see  Makk 
and  Long,  Cunt.  Zool.  Lab.  Mus.  Comp.  Zool  Harvard  Coll, 
1912,  No.  225  (description  of  constant  temperature  chamber 
and  circulation  slide). 

592.  Eabbit  ;  Microscopic  Preparations. — In  order  to  make 
permanent  preparations  of  the  different  stages  of  fecundation 
and  segmentation,  v.  Beneden  {Arch,  de  Biol,  i,  1,  1880, 
p.  149)  brings  the  living  ovum  into  a  drop  of  1  per  cent,  osmic 
acid  on  a  slide,  and  thence  into  solution  of  Miiller  (or 
bichromate'' of  ammonia  or  solution  of  Kleinenberg).  After 
an  hour  the  liquid  is  changed,  and  the  whole  is  put  into  a 
moist  chamber,  where  it  remains  for  two  or  three  days.  It 
is  then  treated  with  glycerin  of  gradually  increasing  strength, 
and  at  last  mounted  in  pure  glycerin  acidified  with  formic 
acid.     Ova  may  be  stained  after  careful  washing. 

In  order  to  bring  out  the  outlines  of  blastoderm  cells  the 
living  ovum  may  be  brought  into  one  third  per  cent,  solution 
of  nitrate  of  silver.  After  remaining  there  for  half  a  minute 
to  two  minutes,  according  to  the  age  of  the  vesicle,  it  is 
brought  into  pure  water  and  exposed  to  the  light. 

After  the  end  of  the  third  day  the  blastodermic  vesicle 
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can  be  opened  with  fnio  iieedluH,  and  tlio  blastoderm  washed, 
stained,  or  inipregiiuted  with  gold,  and  luoimted  in  glycerin 
or  balsam. 

For  embryonic  areas  and  more  advanced  embryos  Koiljkkk 
recommends  putting  the  ovum  into  0"5  per  cent,  solution  of 
osmic  acid  until  it  has  taken  on  a  somewhat  dark  tint,  which 
happens  in  about  an  hour,  and  then  treating  it  with  successive 
alcohols  for  several  hours.  If  tlie  ovum  be  adherent  to  the 
uterine  mucosa  the  portion  of  the  membrane  to  which  it  is 
fixed  should  bo  left,  stretched  out  with  pins,  in  O'J  per  cent, 
solution  of  osmic  acid  for  from  four  to  six  hours.  'J'he  blasto- 
dermic vesicle  can  then  easily  be  removed,  and  further 
treated  as  before.  For  sections  Kolliker  fixes  with  osmic 
acid.  v.  Benkden  treats  the  ova  for  twenty-four  hours  with 
1  per  cent,  solution  of  chromic  acid,  then  washes  well,  and 
brings  them  through  successive  alcohols.  Chromic  acid  has 
the  advantage  of  hardening  thoroughly  the  vesicle,  and 
maintaining  at  the  same  time  the  epiblast  cells  perfectly 
adherent  to  the  zona  pellucida.  v.  Beneden  also  recommends 
the  liquid  of  Kleinenberg.  Henkeuuy  writes  that  he  fre- 
quently employs  it  for  embryonic  areas  and  embryos  of 
various  ages,  always  with  excellent  results.  Fol's  modifica- 
tion of  the  liquid  of  Flemming,  and  Eanvier  and  Vignal's 
osmic  acid  and  alcohol  mixture  (§  36)  also  give  excellent 
results.  For  staining,  Henneguy  recommends  borax-carmine, 
or  Delafield's  hgematoxylin  for  small  embryos  ;  for  large  ones 
he  found  that  his  acetic  acid  alum-carmine  was  the  only 
reagent  that  would  give  a  good  stain  in  the  mass. 

For  sections  imbed  in  paraffin. 

^ee  also  Weysse,  Proc.  Amer.  Acad.  Arts,  and  Sci.,  1894, 
p.  285  (blastodermic  vesicle  of  8tis  n-rofa)  ;  Sobotta,  Arch, 
mik.  Anat.,  xlv,  1895,  p.  15  (ovum  of  the  Mouse ;  fixation  in 
Flemming's  weak  mixture,  sections  stained  with  Benda^s  iron 
hasmatoxylin),  and  Anat.  Hcfte,  1  Abth.,  viii,  1897,  p.  476 
(Eabbit;  fixation  with  liquid  of  Flemming  or  picro-sublimate 
with  2  per  cent,  acetic  acid)  ;  Bonnet,  ihid.,  ix,  1897,  p.  426 
(Dog  ;  fixation  in  sublimate)  ;  Selknka,  Siud.  Entw.  d.  Thihre, 
Wiesbaden,  1883,  p.  5,  and  1887,  p.  107  (picrosulphuric  acid 
for  the  mouse,  and  picric  acid  with  per  cent,  of  chromic 
acid  for  Bideljihys)  ;  Keihel,  Morfh.  Arh.,  ii,  1893,  p.  11 
{Siis  scrofa)  ;  Neumayeb,  Festschr.  f.  Kiqifer,  1899,  p.  458 
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(embryos  of  tlie  sheep  best  fixed  in  Oarnoy's  acetic  acid, 
alcohol,  and  chloroform,  §  85)  ;  Winiwarter,  Arch.  Biol, 
xvii,  1900,  p.  39  (mixture  of  50  parts  saturated  sublimate 
in  salt  solution,  50  parts  alcohol,  20  of  1  per  cent,  platinum 
chloride,  and  5  of  acetic  acid)  ;  Spbe,  Mcycl.  Mile  Techn., 
1910,  p.  353  (cornua  of  Cavia  fixed  for  12  to  24  hours  in 
sublimate,  and  put  into  0-5  per  cent,  osmic  acid  till  light 
brown,  then  into  iodine  alcohol,  in  which  the  osmium  is 
reduced) ;  Widakowich,  Zeit.  iviss.  Zool,  xciv,  1909,  p.  243 
{Mus  rattus,  fixation  in  Zenker's  mixture,  or  2  parts  of 
alcohol  of  80  per  cent,  with  1  of  formol ;  also  instructions 
for  dissection). 

Aves. 

593.  Superficial  Examination.— Instructions  on  this  head  are 
given  in  Foster  and  Balfour's  Elements  of  Embryology.  The 
following  is  of  more  recent  publication. 

If  it  be  desired  to  observe  a  living  embryo  by  transmitted 
light,  the  egg  should  be  opened  under  salt  solution,  as  de- 
scribed below.  A  little  of  the  white  is  then  removed  through 
the  window,  the  egg  is  lifted  out  of  the  liquid,  and  a  ring  of 
gummed  paper  is  placed  on  the  yolk  so  as  to  surround  the 
embryonic  area.  As  soon  as  the  paper  adheres  to  the  vitel- 
line membrane,  which  will  be  in  a  few  minutes,  a  circular 
incision  is  made  in  the  blastoderm  outside  the  paper  ring. 
The  egg  is  put  back  into  the  salt  solution,  and  the  paper 
ring  removed,  carrying  with  it  the  vitelline  membrane  and 
the  blastoderm,  which  may  then  be  brought  into  a  watch- 
s-lass  or  on  to  a  slide  and  examined  under  the  microscope 
(Duval). 

594.  Gerlach's  Window  Method  (Nature,  1886,  p.  497).— Remove 
with  scissors  the  shell  from  the  small  end  of  the  egg ;  take  out  a  little 
white  by  means  of  a  pipette ;  the  blastoderm  will  become  placed  under- 
neath the  window  just  made,  and  the  white  that  has  been  taken  out 
may  be  replaced  on  it.  Paint  the  margins  of  the  window  with  gum 
mucilage,  and  build  up  on  the  gum  a  little  circular  wall  of  cotton  wool; 
place  on  it  a  small  watch-glass  (or  circular  cover  glass),  and  ring  it  with 
gum.  When  the  gum  is  dry  the  cover  is  fiirther  fixed  in  its  place  by 
means  of  collodion  and  amber  varnish,  and  the  egg  is  put  back  in  its 
normal  position  in  the  incubator.  The  progress  of  the  development 
may  be  followed  up  to  the  fifth  day  through  the  window. 
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A  description  of  further  developments  of  this  method,  with  figures  of 
special  apparatus,  will  l)e  fonnd  in  Aiiat.  Anz.,  ii,  1887,  pp.  583,  009. 

See  also  Paton,  Juura.  Expev.  Zuul.,  xi,  1911,  p.  4(j9  (cultivation  of  the 
embryo  in  vitro). 

595,  Preparation. — During  the  first  twenty-four  hours  of 
incubation  it  is  extremely  difficult  to  separate  the  blastoderm 
from  the  yolk,  and  tliey  should  be  fixed  and  hardened  to- 
gether.*   In  later  stages,  when  the  embryo  is  conspicuous, 
the  blastoderm  can  easily  be  separated  from  the  yolk,  which 
is  very  advantageous.     To  open  the  egg,  lay  it  on  its  side 
and  break  the  shell  at  the  broad  end  by  means  of  a  sharp 
rap  ;  then  carefully  remove  the  shell  bit  by  bit  by  breaking 
it  away  with  forceps,  working  away  from  the  broad  end  until 
the  blastoderm  is  exposed.    The  egg  should  be  opened  in 
salt  solution,  then  lifted  up  a  little,  so  as  to  have  the  blasto- 
derm above  the  surface  of  the  liquid ;  the  blastoderm  is 
then  treated  with  some  fixing  solution  dropped  on  it  from  a 
pipette  (1  i3er  cent,  solution  of  osmic  acid,  or  Ranvier  and 
Vignal's   osmic  acid  and  alcohol  mixture,  iodised  serum, 
solution  of  Kleinenberg,  10  per  cent,  nitric  acid,  etc.).  By 
keeping  the  upper  end  of  the  pipette  closed,  and  the  lower 
end  in  contact  with  the  liquid  on  the  blastoderm,  the  blasto- 
derm may  be  kept  well  immersed  for  a  few  minutes,  and 
should  then  be  found  to  be  sufficiently  fixed  to  be  excised. 
(Of  course,  if  you  prefer  it,  you  can  open  the  egg  in  a  bath 
of  any  fixing  liquid  [10  per  cent,  nitric  acid  being  convenient 
for  this  purpose]  of  such  a  depth  as  to  cover  the  yolk ;  and 
having  exposed  the  blastoderm,  leave  it  till  fixed  [fifteen  to 
twenty  minutes]  ;  but  I  think  the  procedure  above  described 
will  generally  be  found  move  convenieiit.) 

The  egg  is  put  back  into  the  salt  solution,  and  a  circular 
incision  made  round  the  embryonic  area.  The  blastoderm 
may  then  be  floated  out  and  got  into  a  watch-glass,  in  which 
it  may'  be  examined,  or  may  be  brought  into  a  hardening 
liquid. 

*  Andrews  (Zeit.  wiss.  Mile,  xxi,  1904,  p.  177)  separates  the  blasto- 
derm at  this  stage  by  injecting  picro-sulphuric  acid  (not  any  rapidly 
acting  fixative)  firstly  between  the  blastoderm  and  the  vitelline  mem- 
brane, so  as  to  separate  the  two  above,  and  then  between  the  blastoderm 
and  the  yolk,  so  as  to  free  the  blastoderm  below  and  float  it  np.  This 
done,  the  membrane  may  be  incised  and  the  blastoderm  removed.  The 
injection  is  best  done  with  a  pipette  having  a  fine  point  bent  upwards. 


EMBRYOLOGIOAL  MKTHODS. 


297 


Before  putting  it  into  the  liardoning  tiuid,  the  portion  of 
vitelline  membrane  that  covers  the  blastoderm  should  be 
removed  with  forceps  and  shaking. 

Fixation  in  10  per  cent  nitric  acid  has  the  advantage  of 
greatly  facilitating  the  separation  of  the  blastoderm.  The 
acid  should  be  allowed  to  act  for  ten  minutes,  after  which  it 
is  well  to  bring  the  preparation  into  2  per  cent,  solution  of 
alum  (r/.  Hofmann,  Zeit.  wisn.  mile,  x,  1893,  p.  485).  Mitro- 
I'HANOW  {Anat.  Eefte,  xii,  1899,  p.  200)  fixes  with  nitric  acid 
of  3  per  cent.,  Suschkin  [Noun.  Mem.  Sor.  Nat.  Moscow,  xvi, 
1899,  p.  34)  with  sublimate  ;  Fischel  [Murph.  Jahrb.,  xxiv, 
1896,  p.  371)  with  RabFs  platino-sublimate,  §  76  (embryos 
of  the  duck)  ;  Patterson  {Biol  Bull.  Wood's  Hole,  xiii, 
1907,  p.  252)  with  picro-sulphuric  acid  containing  8  per  cent, 
of  acetic  acid,  for  an  hour  (ova  of  Golumha)  ;  Hoskins 
{Kansas  Univ.  Sci.  Bull.,  iv,  1907,  p.  176),  after  removing 
shell,  for  5  to  15  minutes  in  a  mixture  of  3  parts  of  10 
per  cent,  formol  with  1  of  10  per  cent,  nitric  acid,  and  then 
excises  the  embryo. 

In  order  to  counteract  the  turning  up  of  the  edges  of  the 
blastoderm  that  generally  happens  during  the  process  of 
hardening,  it  is  well  to  get  the  blastoderm  spread  out  on  the 
convex  surface  of  a  watch-glass,  and  leave  it  so  during  the 
hardening. 

For  hardening  Hbnnegdy  prefers  the  osmic  acid  and  alcohol 
mixture  of  Ranvier  and  Vignal,  or  Flemniing's  mixture  fol- 
lowed by  successive  alcohols. 

Stain  and  imbed  by  the  usual  methods. 

Up  to  about  the  fiftieth  hour  embryos  may  be  mounted 
entire  in  gtycerin  or  balsam. 

596.  M.  Duval's  Orientation  Method  {Ann.  8c.  Nat.,  1884, 
p.  3). — In  the  early  stages  of  the  development  of  the  ova  of 
Aves,  before  the  appearance  of  the  primitive  streak,  it  is 
difficult  to  obtain  a  correct  orientation  of  the  hardened  cica- 
tricula,  so  as  to  be  able  to  make  sections  in  any  desired  direc- 
tion. Duval,  starting  from  the  fact  that  during  incubation 
the  embryo  is  almost  always  found  to  be  lying  on  the  yolk  in 
such  a  position  that  the  big  end  of  the  egg  is  to  the  left,  and 
the  little  end  to  the  right  of  it,  marks  the  position  of  the 
blastoderm  in  the  following  way. 
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With  ii  strip  of  papoi-  5  iiiilliiiiotrcs  widu  uiid  50  iiiillimotrcs 
long  you  construct  a  sort  of  triang-ulur  bottomless  box.  You 
lily  this  on  tlio  yolk,  enclosing  thu  cicatricuhi  in  such  a  posi- 
tion tliat  tho  base  of  the  triangle  corresponds  to  what  will  bo 
the  anterior  region  of  the  embryo,  and  its  apex  to  the  pos- 
terior region  ;  that  is  to  say,  if  tho  big  end  of  the  egg  is  to 
your  left,  the  apex  of  tho  triangle  will  point  towards  yon. 
You  now,  by  means  of  a  pipette,  fill  tho  paper  triangle  with 
0"3  per  cent,  solution  of  osmic  acid.  As  soon  as  the  prepara- 
tion begins  to  darken  you  put  the  whole  egg  into  weak  chromic 
acid,  remove  the  white,  and  put  the  rest  into  clean  chromic 
acid  solution  for  several  days.  After  hardening  you  will  find 
on  the  surface  of  the  yolk  a  black  triangular  ai*ea,  which  en- 
closes the  cicatricuhi  and  marks  its  position  ;  you  cut  out 
this  area  with  scissors  and  a  scalpel,  and  complete  the  harden- 
ing with  chromic  acid  and  alcohol. 

See  also  the  method  of  Hirota,  Journ.  Boy.  Mic.  Soc, 
1895,  p.  118. 

597.  Kionka's  Orientation  Method  {Anat.  HeJ'te,  1  Abth., 
iii,  1894,  p.  414). — Open  the  egg  under  salt  solution,  free  it 
from  the  shell  and  albumen,  and  mark  the  poles  by  sticking 
into  it,  at  about  a  centimetre  from  the  blastoderm,  two  hedge- 
hog spines,  the  one  at  tho  obtuse  end  being  marked  Avith  a 
red  thread.  Put  the  whole  for  ten  minutes  into  water  at 
90°  C,  then  bi-ing  into  70  per  cent,  alcohol,  and  after  twenty- 
four  hours  cut  out  the  blastoderm  and  a  little  yolk  round  it 
in  the  shape  of  an  isosceles  triangle,  whose  base  marks  the 
anterior  end  of  the  blastoderm.  Paraffin  sections  stained 
with  borax-carmine,  washed  out  with  acid  alcohol  containing 
one  drop  of  concentrated  solution  of  Orange  Gr  for  each  5  c.c, 
which  stains  the  yolk. 

598.  Vialleton's  Method  (Anut.  Am.,  vii,  1892,  p.  624).— Egg 
opened  in  salt  solution,  blastoderm  excised  and  removed  to  a  glass  plate, 
then  treated  with  1  per  cent,  nitrate  of  silver  solution,  wasLed  with 
water,  and  put  into  70  per  cent,  alcohol  for  six  to  twelve  hours  in  the 
dart.    Borax-carmine,  alcohol,  damar. 

599.  BoHM  and  Oppel  {Taschcnhuch,  1896,  p.  80)  fix  ova  with  fairly 
large  embryos  in  a  mixtiu-e  of  20  parts  3  to  5  per  cent,  nitric  acid  and 
1  to  2  parts  1  per  cent,  silver  nitrate. 
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Be2)tiliu. 

600.  General  Directions.— The  metliods  described  above  for 
birds  are  applicable  to  reptiles.  During  tlic  early  stages 
the  blastoderm  should  be  hardened  in  situ  on  the  yolk; 
later  the  embryo  can  be  isolated,  and  treated  separately. 

BoHM  and  Oitel  {Taschenbuch,  1900,  p.  186)  remove  the 
shell  under  salt  solution,  fix  in  sublimate  with  20  per  cent, 
acetic  acid,  or  in  Lo  Bianco's  chromo-sublimate  (§  72),  then 
remove  the  blastoderm  and  bring  it  into  alcohol. 

601.  Special  Cases. — Mitsukuiu  {Joimi.  Coll.  8c.  Japan,  vi, 
189i,  p.  229)  fixes  embryos  of  tortoises  chiefly  with  picro- 
sulphuric  acid.  'J'o  study  the  blastoderm  he  removes  the 
whole  of  the  shell  and  as  much  as  possible  of  the  albumen, 
marks  the  place  where  the  blastoderm  lies  with  a  hair, 
brings  the  whole,  with  the  blastoderm  uppermost,  into  the 
fixative,  and  after  a  few  hours  cuts  out  the  blastoderm  and 
further  hardens  it  by  itself.  Young  embryos  generally 
adhere  to  the  shell  and  can,  therefore,  be  fixed  in  a  piece  of 
it  made  to  serve  as  a  watch-glass,  then  after  half-an-hour 
can  be  removed  from  it  and  further  hardened  alone.  If  the 
embryonal  membranes  have  been  formed,  the  shell  may  be 
scraped  away  at  some  spot  and  there  treated  with  picro- 
sulphuric  acid  until  a  sumll  hole  is  formed  ;  then  by  working 
away  from  this  spot,  by  means  of  scraping  and  dropping 
acid  on  to  it,  the  whole  of  the  shell  may  be  removed. 

Will  [Zool.  Jahrb,,  Ahlh.  Morph.,  vi,  1892,  p.  8)  opens 
ova  of  PlatydadyJus  in  the  fixative  (chiefly  chromic  acid,  or 
chromo-aceto*-osmic  acid  with  very  little  osniic  acid)  and 
hardens  the  embryos  on  the  yolk  ;  so  also  for  Cistndo  and 
Lacerta  (1893  and  1895).  Mehnert  {Anat.  Anz.,  xi,  1895, 
p.  257)  does  not  approve  of  these  methods  ;  for  his  own  see 
Morph.  Arh.  Schicalhe,  i,  1891,  p.  370. 

Gerhardt  [Anat.  Anz.,  xx,  1901,  p.  244)  fixes  ova  of 
Tropidimotns  for  24  hours  in  Nowak's  mixture,  §  112. 

Ballowitz  [Eiiticichl.  d.  Krevzotter,  1903,  p.  19)  first  fixes 
segments  of  the  uterus,  each  containing  an  ovum,  for  1  or  2 
hours,  then  tears  them  open  with  forceps,  isolates  the  ova, 
and  puts  them  into  fresh  fixative,  and  thence  into  alcohol  of 
40  per  cent. 
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Nicolas  [Arch.  Anal.  Mic,  1900,  p.  457)  finds  tlio  Ijcst 
fixiitivo  for  ova  of  tlio  slow-worm,  as  for  other  largo  ova,  is 
Jioum's  picro-forinol  (§  110). 

See  also  Piorionyi,  §48,  and  Zool.  Auz.,  1888,  pp.  1.39  and 
196,  and  other  methods  in  early  editions. 

Awpliihia. 

602.  Preliminary. — In  order  to  prepare  ova  for  section- 
cutting,  it  is  essential  to  begin  by  removing  their  thick  coats 
of  albumen.  This  may  be  done  by  putting  tliem  for  two  or 
three  days  into  1  per  cent,  solution  of  chromic  acid,  and 
shaking  well ;  but  ova  thus  treated  are  very  brittle,  and  do 
not  alford.  good  sections.  A  better  method  is  that  described 
by  Whitman  {Amer.  Natural.,  xxii,  1888,  p.  857),  and  by 
Blochmann  [Zool.  An'/..,  1889,  p.  269).  Whitman  puts  the 
fixed  eggs  into  a  10  per  cent,  solution  of  sodium  hypochlorite 
diluted  with  5  to  6  volumes  of  water,  and  leaves  them  there 
till  they  can  be  shaken  free,  which  happens  (for  Necturus) 
in  a  few  minutes.  Blochmann  takes  eau  de  Javelle  (potas- 
sium hypochlorite),  and  dilutes  it  with  3  to  4  volumes  of 
■water,  and  agitates  the  eggs  previously  fixed  with  solution  of 
Flemming,  for  fifteen  to  thirty  minutes  in  it.    See  also  §  589. 

LEBJtUN  {La  Cellule,  xix,  1902,  p.  316)  advises  fixing  ova 
of  Anura  for  not  less  than  1|  hours  in  liquid  of  Gilson,  §  69. 
The  outer  envelopes  are  then  hard,  and  may  be  easily  incised 
arid  the  ovum  extracted  by  pressing  on  the  pole  opposite  to 
the  incision.  The  operation  should  not  be  delayed  until  after 
hardening  in  alcohol.  Similarly  {ibid.,  xx,  1902,  p.  12),  for 
Urodela. 

GuYEE  {Ar/ier.  Nat.,  xli,  1907,  p.  400)  finds  it  suflice  to 
roll  the  ova  (either  fresh  or  fixed,  but  before  bringing  into 
alcohol)  on  blotting  paper. 

603.  Imbedding.— A  great  difficulty  with  the  ova  of  Am- 
phibia lies  in  their  becoming  extremely  brittle  on  imbedding 
in  paraffin.  Carnoy  and  Lebrun  {La  Cellule,  xii,  1897, 
p.  212)  fix  ovai-ies  or  ovarian  ova  for  fifteen  minutes  to  three 
quarters  of  an  hour  (but  see  last  §)  in  Gilson's  mercuro-nitric 
fluid,  §  69,  and  preserve  them  in  80  per  cent,  alcohol.  To 
imbed,  they  are  brought  for  a  quarter  of  an  hour  into  95  per 
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cent  alcohol,  five  minutes  in  absolute  alcohol,  then  into  a 
mixture  of  alcohol  and  chloi-oform  in  equal  parts,  and  as  soon 
as  they  sink  in  that  they  are  put  into  pure  chloroforiii. 
Paraffin  is  added  to  the  chloroform,  enough  to  about  double 
the  volume  of  the  whole,  and  the  whole  is  put  for  about 
three  hours  into  a  stove  at  35°  0.  Lastly,  the  ova  are  put 
for  not  more  than  five  minutes  into  a  bath  of  pure  paraffin 

at  52°  C.  ,  •     .1,  .  • 

Later  [ihid.,  xix,  1902,  p.  317)  Lebbun  explains  that  it  is 
important  not  to  dehydrate  completely  with  absolute  alcohol ; 
the  ova  should  be  left  in  alcohol  of  96  per  cent,  until  chloro- 
form can  be  added  without  the  mixture  becoming  turbid, 
and  a  second  bath  of  clean  paraffin  should  be  added. 
See  also  Morgan,  Devel.  of  the  Frog's  Egg,  New  York,  1897,  p.  171. 

604.  Siredon.— The  ova  are  easier  to  prepare  than  those  of 
the  Anura,  because  the  yolk  is  separated  from  the  albu- 
minous layer  by  a  wide  space  filled  with  a  liquid  that  is  not 
coagulated  by  reagents.  Put  the  eggs  for  a  few  hours  into 
picro-sulphuric  acid,  then  pierce  the  inner  chorion  with  fine 
scissors  or  needles,  and  gently  press  out  the  ovum.  Harden 
in  alcohol. 

Pick  {Zeif.  wiss.  Zool.,  Ivi,  1893,  p.  529)  uses  a  mixture  of 
250  parts  of  1  per  cent,  chromic  acid,  1  of  acetic  acid,  and 
750  of  water. 

605.  Triton  (Scott  and  Osborn,  Quart.  Journ.  Mic.  Sac, 
1879,  p.  449).— The  albumen  is  here  present  in  the  form  of 
several  concentric  coats,  which  are  very  delicate.  Incise 
each  of  them  separately  with  fine  scissors,  turn  out  the  ovum, 
and  fix  it  in  solution  of  Kleinenberg. 

Heetwig  [Jen.Zeit.  l^aturw.,  1881-2,  p.  291)  puts  the  eggs 
into  a  mixture  of  equal  parts  of  2  per  cent,  acetic  acid  and 
0-5  per  cent,  chromic  acid.  After  ten  hours  he  incises  the 
membranes,  opening  one  end  of  the  inner  chorion,  and  turns 
out  the  embryos  and  brings  them  into  successive  alcohols. 

MiCHAELis  {Arch,,  mile.  Anat.,  xlviii,  1896,  p.  528)  fixes  ova, 
with  their  envelopes,  in  a  mixture  of  concentrated  sublimate 
solution  and  concentrated  picric  acid,  twenty  parts  each, 
glacial  acetic  acid  1,  and  water  40,  but  removes  the  envelopes 
before  bringing  into  alcohol. 
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606.  Salaraandra  (llADr-,  Mrnj^hol.  Jahrh.,  xii,  2,  1880,  p.  2o2). 
— For  his  more  recent  inofcliods  see  §  587. 

GnoNROss  {Anat.  Anz.,  xiv,  1898,  p.  461)  fixes  the  ova  with 
a  mixture  of  50  parts  each  of  saturated  sublijnate  and  0'5 
per  cent,  chromic  acid  with  one  part  of  acetic  acid. 

607.  Rana  (0.  Heutwiq,  Jen.  Zdt.  Nalurw.,  xvi,  18S3, 
p.  249). — The  ova  are  thrown  into  nearly  boiling  water  (90° 
to  96  C.)  for  five  or  ten  minutes.  The  albuminous  envelope 
of  the  ovum  is  then  cut  open,  and  the  ovum  extracted  under 
water.  The  ova  are  then  brought  into  0'5  per  cent,  chromic 
acid  for  not  more  than  twelve  hours,  or  into  alcohol  of  70, 
80,  and  90  per  cent.  Chromic  acid  makes  ova  brittle  and 
attacks  the  pigment,  whilst  alcohol  preserves  it,  which  is 
frequently  important  for  the  study  of  the  germinal  layers. 

Morgan  {Amer.  Nat.,  xxv,  1891,  p.  759,  and  Devel.  oj 
the  Frog's  Egg,  1897,  p.  171)  has  the  following.  During 
the  periods  in  which  it  is  difficult  or  impossible  to  remove 
the  itmer  jelly-membrane  the  eggs  can  be  freed  as  follows  : 
Each  egg  is  cut  out  with  scissors  from  the  general  jelly-mass, 
and  put  for  from  one  to  twelve  hours  into  saturated  solution 
of  pici'ic  acid  in  70  per  cent,  alcohol  containing  2  per  cent,  of 
sulphuric  acid.  Wash  in  several  changes  of  alcohol  of  70  per 
cent.  About  the  second  day  in  this  the  inner  membrane 
begins  to  swell,  and  on  the  third  or  fourth  day  may  be 
pierced  by  a  needle,  and  the  egg  removed  and  placed  in  80 
per  cent,  alcohol  (see  also  Whitman,  Meth.  of  Research,  p.  156). 

SoHULTZE  {Arch.  mik.  Anat.,  Iv,  1899,  p.  174)  removes 
with  scissors  the  outer  layers  of  albumen,  and  puts  the  ova 
for  five  minutes  in  2  per  cent,  formol  warmed  to  75°  or 
80°  C.  The  membrane  left  on  the  ova  then  rises  up  suffi- 
ciently to  allow  the  ova  to  be  got  out  with  needles. 

See  also  Bokn  {ibid.,  xliii,  1894,  p.  1). 

King  {Journ.  Morph.,  xvii,  1901,  p.  295,  and  xix,  1908,  p. 
370)  fixes  (for  a  few  minutes)  the  .spawn  (of  Bufo)  in  sublimate 
(saturated  with  5  per  cent,  of  acetic  acid),  or  in  Plemming, 
Zenker,  or  Hermann,  brings  into  alcohol,  first  of  50  and  then 
80  per  cent.,  and  removes  the  jelly  after  a  few  days. 

Bles  {Trans.  Roy.  Soc.  Edinburgh,  xYi,  1905,  p.  792)  takes 
for  ova  formol  of  10  per  cent.,  but  for  embryos  and  ]arva3 
the  mixture  given  §  109. 
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BouiN  Lakes  for  lavva)  of  Bana  the  formol-sablimato 
mixture  §  112. 

608.  Sulphate  of  Copper  Liquid  (FOL,  LehvhiirJi,  p.  lOfi,  after 
Remak  and  Goette)  ;  for  hardening  ova  of  Amphiljiii : 

2  per  cent,  solution  of  sulpliate  of  coppei-       .    50  c.c. 

Alcohol  of  2')  per  cent  50  „ 

Rectified  wood  vinegar  85  drops. 

Pisces. 

609.  Teleostea  in  General. — The  ova  of  many  of  the  bony 
fishes  can  be  studied  by  transmitted  light  in  the  living  state; 
but  those  of  the  Salmonidaa  must  be  hardened  and  removed 
from  their  envelopes  for  the  study  of  the  external  forms  of 
the  embryo. 

To  this  end  they  may  be  put  for  a  few  minutes  into  water 
containing  1  to  2  per  cent,  of  acetic  acid,  and  thence  into 
1  per  cent,  chromic  acid.  After  three  days  the  capsule  of 
the  ovum  may  be  opened  at  the  side  oiDposite  to  the  embryo, 
and  be  removed  with  fine  forceps.  The  ovum  is  put  for 
twenty-four  hours  into  distilled  water,  and  then  into  suc- 
cessive alcohols.  Embryos  thus  prepared  show  no  deforma- 
tion, but  the  vitellus  rajsidly  becomes  excessively  hard  and 
brittle,  so  as  greatly  to  interfere  with  section-cutting. 

The  following  processes  give  good  results  as  regards 
section-cutting. 

Put  the  ova  for  a  few  minutes  into  1  per  cent,  osmic  acid  ; 
as  soon  as  they  have  taken  on  a  light  brown  colour  bring 
them  into  l^fuUer's  solution.  Open  them  therein  with  fine 
scissors — the  vitellus,  which  immediately  coagulates  on  con- 
tact with  air,  dissolves,  on  the  contrary,  in  Miiller's  solution 
— and  the  germ  and  cortical  layer  can  be  extracted  from  the 
capsule  of  the  ovum.  They  should  be  left  in  clean  Miiller's 
solution  for  a  few  days,  then  washed  with  water  for  twenty- 
four  hours,  and  brought  through  successive  alcohols. 

Another  method  (Henneguy)  is  as  follows :  The  ova  are 
fixed  in  solution  of  Kleinenberg  containing  10  per  cent,  of 
acetic  acid.  After  ten  minutes  they  are  opened  in  water 
containing  10  per  cent,  of  acetic  acid,  which  dissolves  the 
vitellus.    The  embryos  are  put  for  a  few  hours  into  pure 
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solution   of   Kleiiienberg,   and  are  then  brought  through 
alcohol  of  gradually  increasing  strength. 

Child  (quoted  from  Sumner,  Mem.  New  York  Acad.  Sci., 
ii,  1900,  p.  78)  fixes  for  about  a  minute  in  sublimate  with  10 
per  cent,  of  acetic  acid,  and  brings  into  formalin  of  10  per 
cent.,  which  is  said  to  give  a  good  fixation  of  the  embi-yo 
without  the  yolk  becoming  hard. 

610.  Kollmann's  Fixative  (Kollmann,  Arch.  Anat.  Phys.,  1885, 
p.  296). 

Bichromic  of  potash  5  per  100. 

Chromic  acid  2  „ 

Conceutvated  iiitric  acid    .       .       .       .    2  „ 
For  ova  of  Teleostea.    Fix  for  twelve  hours,  wash  with  water  for 

twelve  hoixrs,  then  remove  the  chorion,  and  put  the  ova  into  70  per  cent. 

alcohol. 

611.  Rabl's  Method  see  §  587 ;  for  Kowalewsky's  see  Zeit.  wiss. 
Zool,  xliii,  1886,  p.  434.,  or  Third  Edition. 

612.  Salmonidse. — Henneguy's  methods  have  been  given, 
§  609. 

KOPSCH  {Arch.  mih.  Anat.,  li,  1897,  p.  184),  on  the  sug- 
gestion of  ViiiCHOW,  fixes  embryos  for  five  or  ten  minutes 
in  a  mixture  of  1  part  of  chromic  acid  to  50  of  glacial  acetic 
acid  and  450  of  water,  then  removes  into  chromic  acid  of 
1  :  500,  and  as  soon  as  may  be  removes  the  capsule  and  yolk 
under  salt  sohition,  and  completes  the  hardening  in  the 
chromic  acid  or  the  saturated  sublimate  solution. 

Similarly,  Beheens  {Anat.  Eefte,  x,  1898,  p.  233).— He 
opens  the  ova  in  the  salt  solution  from  the  antifolar  side, 
and  frees  the  embryo  from  the  yolk  that  remains  by  blowing 
the  latter  away  with  a  fine-pointed  glass  tube. 

Similarly  also  Sobotta  {ihid.,  1902,  p.  579). 

GuDGER  {Proc.  U.S.  Nation.  Mios.,  xxix,  1906,  p.  448) 
fixes  blastoderms  in  fresh  liquid  of  Perenyi,  which  does  not 
make  the  yolk  too  hard  ;  later  stages  in  Worcester's  liquid 
(9  parts  of  saturated  solution  of  sublimate  in  formol  of  10 
per  cent,  and  1  part  of  acetic  acid),  for  half  an  hour  to  an 
hour  and  brings  gradually  into  alcohol  of  70  per  cent. 

BouiN  {G.  B.  Soc.  Biol.,  Iv,  1903,  p.  1691)  fixes  for  36  to 
48  hours  in  picro-formol. 

Rabl-Ruckhard's  Method  {Arch.  Anot.  Entw.,  1882,  p.  118).-Fix  in 
10  per  cent,  nitric  acid  for  fifteen  minutes.    Remove  the  membranes  to 
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avoid  deforuiatiou  of  the  embryos,  iind  put  the  ova  back  into  tlio  acid 
fur  au  liour.  Wash  out  in  1  to  2  per  cent,  solution  of  alum  for  an 
hour  luid  harden  in  alcohol. 

Modification  of  this  method  by  Goeonowitsch  (se&Morph.  Juhrb.,  x, 
1881.,  p.  381). 

613.  Selachia. — Beard  {Anat.  Anz.,  xviii,  1900,  p.  556)  lias 
I'oiiiid  that  the  best  fixatives  for  embryos  of  Eaja  are  Kabl's 
picro-platiaic  inixture,  §  587  and  sublimate. 

Living  embryos  can  be  observed  by  scraping  the  shell  thin 
with  a  knife  (KastschenkOj  Anat.  Anz.,  iii,  1888^  p.  445,  and 
His,  Arch.  Anat.  Phy.-i.  Anat.  Abth.,  1897,  p.  3).  See  also 
Bkaus,  Morph.  Jahrh.,  xxxv,  1906,  p.  250. 

614.  Amphioxus. — Sobotta  [Arch.  mik.  Anat.,  1,  1897,  p. 
20)  fixes  for  twenty-four  hours  in  liquid  of  Flemming  ; 
Hatschek  (^Iri.  Zool.  Inst.  Wien.,  iv,  1881)  in  picro-sulphuric 
acid.  Impregnation  takes  place  in  the  evening,  and  seg- 
mentation is  completed  during  the  night. 

Legros  {Grundziige,  Leii;  and  Mayer,  1910,  p.  288)  fixes 
ova  and  embryos  in  equal  parts  of  formol  and  Flemming. 
Sublimate  is  not  good  ;  liabl's  mixtures  are  better.  Larvte 
and  young  animals  ought  first  to  be  antesthetised  with 
cocain  in  sea-water.  After  fixation  they  should  remain  only 
for  as  short  a  time  as  possible  in  alcohol. 

Cei41<'0ntaine  [Arch.  Biol.,  xxii,  1906,  p.  287)  fixes  with 
Flemming  or, Hermann.  For  study  of  ova  in  totu  he  orients 
them  on  a  slide  in  clove-oil-collodion  which  he  sets  with 
chloroform,  and  adds  balsam.  For  sectioning,  he  orients  in 
the  same  Avay  on  a  layer  of  paraffin  spread  on  a  cover  glass, 
and  imbeds  the  whole  in  paraffin. 

615.  Pelagic  Fish  Ova.— Whitman  {Amor.  Natural,  xvii,  1883,  pp. 
1204-5;  and  Methods  of  Besearch,  etc.,  p.  152).— Fix  by  treatment  first 
for  five  to  ten  minutes  with  a  uiixtm'e  of  equal  parts  of  sea-water  and 
i  per  cent,  osmic  acid  solution,  and  then  for  one  or  two  days  with  a 
solution  (due  to  Eisig)  of  equal  parts  of  0-25  per  cent,  platinum  chloride 
and  1  per  cent,  chromic  acid.  Prick  the  membrane  before  transferring 
to  alcohol.  See  also  Agassiz  and  Whitman,  imProc.  Amer.  Acad.  Arts 
and  Sciences,  xx,  1881:;  and  Collinge,  Ann.  and  Maq.  Nut.  Hist.,  x, 
1892,  p.  228. 

Raffaele  (Mitth.  Zool.  Stat.  Neapel,  sii,  1895,  p.  169)  fixes  chiefly 
with  liquid  of  Hermann  (1  to  2  days),  or  with  a  mixture  of  Mingazzini 
(absolute  alcohol  1,  acetic  acid  1,  saturated  sublimate  solution  in  water  2). 

Heinkb  and  Eheenbaum  {Wiss.  Meeresunt.  Komm.  Wiss.  Unt.  I). 
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Meere,  iii,  Heliguland,  1900,  pp.  205  aud  213)  prefer  forinol  with  39  vol«. 
of  sea- water. 

T'wnicaLa. 

616.  Ova. — Davidokk  [Mitth.  Zool.  Stat.  Neapel,  ix,  ],  1889, 
p.  118)  fixes  the  ova  of  DislapUa  with  a  mixture  of  3  parts 
of  saturated  solution  oE  corrosive  sublimate  and  1  of  glacial 
acetic  acid  for  from  half  an  hour  to  an  hour ;  or  with  a 
mixture  of  3  parts  of  saturated  solution  of  picric  acid  and  1 
of  glacial  acetic  acid  for  three  to  four  hours;  then  70  per 
cent,  alcohol. 

Castle  {Btoll.  ilfuA'.  Harvard  Coll.,  xxvii,  1896,  p.  213j 
advises  for  ova  of  Giona  liquid  of  Perenyi  for  twenty 
minutes,  followed  by  70  per  cent,  alcohol  for  twenty-four 
hourSj  and  for  the  larvte  picro-nitric  acid. 

617.  Test-Cells  of  Aseidians  (Morgan,  Journ.  o/ ilforp/ioZ.,  iv,  1890, 
p.  195). — Tease  fresh  ovaries  in  very  weak  osmic  acid,  wash  in  distilled 
water,  treat  for  half  an  hour  with  1  per  cent,  silver  nitrate,  wash  for 
half  an  hour  in  2  per  cent,  acetic  acid  aud  reduce  in  sunlight.  Imbed 
in  paraffin.  By  this  process  the  limits  of  the  follicle  cells  are  demon- 
strated. 

618.  Buds.— PiZON  {Ann.  Sc.  Nat.,  xix,  1893,  p.  5)  studies 
the  gemmation  of  the  composite  Aseidians  either  on  entire 
corms,  which  he  first  bleaches  with  peroxide  of  hydrogen  and 
then  stains ;  or  by  making  sections,  after  auassthetising  the 
colonies  with  cocain  of  1  :  1000,  fixing  in  glacial  acetic  acid 
or  picro-sulphuric  or  liquid  of  Flemming,  and  staining  in  tuto 
with  borax  carmine  or  alum  carmine,  or  with  a  strong 
solution  of  methylen  bine  in  alcohol  of  90  or  100  per  cent, 
(after  Bernard,  iljid.,  ix,  1890,  p.  97). 

RiTTER  {Journ.  of  Ilorph.,  xii,  1896,  p.  150)  recommends 
for  fixing  Ferophora  and  Goodsiria  picro-sulphuric  acid. 

Bryozoa. 

619.  Statoblasts. — Braem  {Bill.  Zool,  Clmii  and  Leuckart, 
6  Heft,  1890,  p.  95)  fixest  statoblasts  of  Cristatella  with  hot 
concentrated  solution  of  sublimate  for  ten  minutes,  brings 
them  into  water  and  there  incises  them  with  a  razor,  and 
after  half  an  hour  passes  them  gradually  into  alcohol.  He 
stains  with  picro-carmine. 
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Mollusca. 

620.  Cephalopoda  (Ussow,  Arch,  de  Biol.,\\,  1881,  p.  582). — 
Seguieuting  ova  are  placed  in  2  pei-  cent,  solution  of  chromic 
acid  for  two  minutes,  and  then  in  distilled  water,  to  wliicli  a 
little  acetic  acid  (one  drop  to  a  watch-glassful)  has  been 
added,  for  two  minutes.  If  an  incision  be  now  made  into 
the  egg-membrane  the  yolk  flows  away  and  the  blastoderm 
remains  ;  if  any  yolk  still  cling  to  it,  it  may  be  removed  by 
pouring  away  the  water  and  adding  more. 

Watase  {Journ.  of  Morphol.,  iv,  1891,  p.  249)  kills  the  ova 
in  the  macerating  mixture  of  the  Hertwigs  (§  534),  and  as 
soon  as  the  blastoderm  turns  white  and  opaque  removes  it 
under  dilute  glycerin.  Treatment  with  liquid  of  Perenyi  is 
recommended  for  surface  views. 

ViALLETON  {Ann.  Sc.  Nat.,  vi,  1887,  p.  168)  brings 
ovarian  ova  of  Sepia  into  a  freshly  prepared  mixture  of 
picro-sulphuric  acid  and  2  per  cent,  solution  of  bichromate  of 
potash  in  equal  parts,  and  after  one  or  two  minutes  incises 
them  in  the  equator,  fixes  for  an  hour  and  a  half  in  picro- 
sulphuric  acid  the  halves  that  contain  the  formative  vitellus, 
separates  this  from  the  nutritive  vitellus  with  a  spatula, 
spreads  it  out,  and  hardens  it  in  alcohol  of  70  to  90  per 
cent.  He  fixes  entire  ova  in  liquid  of  Flemming  or  osmic 
acid. 

KoESCHELT  (Festschrift  Leuchart,  Leipzig,  1892,  p.  348) 
fixes  advanced  embryos  of  LoHgo  in  liquid  of  Flemming, 
sublimate,  picro-sulphuric  acid,  or  0"2  per  cent,  chromic  acid. 
This  last  is  specially  good  for  young  embryos  if  it  is  washed 
out  with  many  changes  of  picric  acid. 

Fadsshik  [Mitlh.  Zool.  Stat.  Neapel,  xiv,  1900,  p.  83) 
recommends  picro-nitric  acid.  Fix  in  this,  harden  in  alcohol, 
bring  the  ova,  still  in  their  albumen,  into  hasmalum,  stain  for 
24  hours,  wash  in  1  per  cent,  alum  solution  for  24  hours, 
when  the  albumen  will  be  found  softened  so  that  the  ova 
can  easily  be  extracted. 

621.  Gastropoda  (Henneguy).— Ova  of  Eellx  may  be  fixed 
for  from  four  to  six  hours  in  Mayer's  picro-nitric  acid. 
The  carbonate  of  lime  that  encrusts  the  external  membrane 
is  thus  dissolved,  and  the  albuminous  coat  of   the   egg  is 
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coHguluLod.     The  egg  is  opened  witli  needles,  the  albumen 
comes  away  in  bits,  and  the  ombi-yo  can  bo  removed. 

Henchman  {Bull.  Mus.  Comp.  ZooL,  Harvard,  xx,  1890, 
p.  171)  fixes  ova  of  Limax  with  0'33  per  cent,  chromic  acid, 
or  with  liquid  of  Perenyi.  It  is  best  to  remove  only  the 
outer  envelope  before  putting  into  the  chromic  acid,  the 
inner  meinbraue  being  removed  after  two  or  three  minutes 
therein.  Where  Perenyi  is  used  the  membranes  must  be 
removed  first,  as  the  albumen  will  else  coagulate  in  such  a 
way  as  to  prevent  the  removal  of  the  embryos. 

Meisenheimbb  {Zeit.  wiss.  ZooL,  Ixii,  1896,  p.  417)  dissects 
out  the  embryos  of  Limax  and  fixes  them  with  picro-sulphuric 
acid  or  concentrated  sublimate.  Advanced  embryos  are  first 
got  into  extension  by  means  of  2  per  cent,  cocaine,  or  are 
rapidly  killed  with  hot  sublimate. 

Schmidt  [Entw.  Pulmoiiateii,  Dorpat,  1891,  p.  4)  fixes  the 
ova  ill  toto  with  concentrated  sublimate,  and  dissects  them 
out  afterwards. 

Similarly  Kni'oiD  {B\il!.  Miis.  Harvard  Coll.,  xxvii,  1895, 
p.  35).  Or,  preferably,  the  ova  are  put  into  salt  solution, 
the  shell  removed,  the  albumen  removed  with  a  pipette  full 
of  salt  solution,  whicli  dissolves  it ;  the  ova  are  then  fixed 
for  one  minute  in  Fol's  modification  of  liquid  of  Flemming, 
and  brought  direct  into  Orth's  picro-lithum-carmine.  See 
also  LiNViLLE,  ibid.,  1900,  p.  215,  who  adopts  this  method  of 
shelling,  but  prefers  fixing  in  acetic-acid-sublimate,  or  liquid 
of  Perenyi. 

Heydeic  [Zeit.  iviss.  ZooL,  xciii,  1909,  p.  92),  before  imbed- 
ding embryos  of  Arion  that  have  been  fixed  with  sublimate, 
treats  them  for  an  hour  or  two  with  carbonate  of  soda  of  one 
tenth  to  one  fifteenth  per  cent,,  which  makes  the  stomach 
and  intestine  less  brittle. 

Holmes  {Joum.  ofMcrph.,  1900,  p.  371)  teases  the  egg-capsules  of  Plan- 
orbis  in  nitrate  of  silver  of  f  per  cent.,  exposes  to  sunlight  until  the  cell- 
limits  come  out,  rinses  with  0-2  per  cent,  hyposulphite  of  soda,  puts  for 
a  few  minutes  into  picric  acid,  and  then  thi-ough  alcohol  into  balsam. 

See  also  Washburn,  Avier.  Anat,  xxviii,  1894,  p.  528  (liquid  of  Flem- 
ming or  0-3  per  cent,  chromic  acid,  or  1  per  cent,  osmic  acid,  followed 
by  liquid  of  Merkel). 

CONKLIN  {Journ.  of  Morpli.,  xiii,  1897,  p.  7)  fixs  ova  of  Crejndula  for 
fifteen  to  thirty  minutes  in  picro-sulphuric  acid,  and  stains  with  dilute 
acidified  hujmatoxylin  of  Delafield. 
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KosTAN'KC'Ki  and  WiEit/.io.T>K-i  {ArcJi.  viih.  Avaf.,  xlvii,  1890, 
p.  318)  lix  (ho  spawn  of  Pliym  /(nttivali.s  eitlior  in  1.^  to  2 
per  cent,  nitric  acid,  or  in  "  sublimate  and  3  per  cent,  nitric 
acid  in  tlie  proportion  of  2  :  J,"  and  bring  tlirongh  suc- 
cessiv^e  alcoliols.  'I'liey  imbed  entire  ova  in  paraffin,  but 
isolated  embryos  in  celloidin. 

622.  Chiton,  see  Metcalf,  Stud.  Biol.  Liih.  Johns  Hopkins  Univ.,  v, 
1893,  ID.  25].  (Ova  with  young  emliryos  put  for  20  to  45  seconds  into 
eau  cle  Labarrnque,  tben  into  water,  in  wbicli  the  chorion  swells  and  can 
easily  be  removed.) 

623.  Lam9llibran3Mata.  -  Staufpacher  {Jena  Zeit.,  xxviii, 
1893,  p.  196)  fixes  embryos  of  Cycla.i  in  sublimate,  stains 
with  hsemalum,  and  cuts  in  paraffin. 

LiLLiE  [Jt.itrn.  of  Morph.,  x,  1895,  p.  7)  fixes  ova  of  Unia 
for  ten  to  twenty  minutes  in  liquid  of  Perenyi,  a,nd  preserves 
them  in  70  per  cent,  alcohol,  or  advanced  embryos  with  liquid 
of  Merkel  or  sublimate,  larvfe  with  0"05  to  O'l  per  cent, 
osmic  acid,  preserving  them  in  glycerin.  Glochidia  may  be 
cut  with  the  shell  in  paraffin  of  58°  melting-point  ;  the}'^  may 
be  anaesthetised  with  chloral  hydrate  before  fixing. 

Arthro2')oda. 

624.  Fixation  of  Ova. — In  many  cases  the  ova  of  Arthropods 
are  best  fixed  by  heat  (§  13).  This  may  be  followed  either 
by  alcohol  or  some  watery  hardening  agent.  If  it  be  desired 
to  avoid  heating,  picro-nitric  acid  may  be^  tried. 

625.  Removal  of  Membranes. — It  may  often  be  advisable  not 
to  attempt  to  remove  them,  but  to  soften  them  with  eait  cle 
Javelle  ov  eau  de  Laharraqne  (see  §  553). 

Morgan  [Amer.  Natural.,  xxii,  1888,  p.  357)  recommends 
(for  the  ova  of  Perqjlnneta)  eaic  de  Laharraque  diluted  with 
five  to  eight  volumes  of  water,  and  slightly  warmed.  This 
will  soften  the  chitin  membranes  sufficiently  in  thirtj'^  to  sixty 
minutes,  if  employed  before  fixing.  Fixed  ova  take  longer. 
The  fluid  must,  of  course,  not  be  allowed  to  penetrate  into 
the  interior  of  the  ovum. 

626.  Henking's  Methods  {ZcU.  ici-s.  Mih.,  viii,  1891,  p. 
156). — Henking  generally  kills  ova  by  plunging  them  into 
hot  water,  or  by  pouring  hot  water  on  to  them  in  a  watch - 
glass,  and  then  removing  into  70  per  cent,  alcohol. 
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He  tliinlcs  tliafc  e,au  dc  Jare.Ue.  for  softening  membranes  is 
best  avoided.  They  slionld  cither  be  dissected  away  or  left 
in  situ,  and  cut  with  the  rest  of  the  egg,  according  to  the 
nature  of  the  case.  To  avoid  brittleness  of  the  yolk  proceed 
as  follows:  After  fixing  and  treating  with  alcohol,  prick  the 
chorion  and  stain  with  borax-carmine.  Put  the  stained  ova 
for  twelve  houi-s  into  a  mixture  containing  20  c.c.  of  70  per 
cent,  alcohol,  one  drop  of  concentrated  hydrochloric  acid, 
and  a  knife  pointful  of  pepsin  (it  is  not  necessary  that  all 
the  pepsin  should  be  dissolved).  The  ova  may  then  be 
treated  with  alcohol,  oil  of  bergamot,  and  paraffin,  and  (with 
some  exceptions,  amongst  which  is  Bomhyx  mori)  will  be 
found  to  cut  without  crumbling. 

627.  Diptera  (Henking,  Znt.wiss.  Zool.,xU\,  1888,  p.  289). 
—Ova  still  contained  within  the  fly  maybe  fixed  by  plunging 
the  animal  for  some  time  into  boiling  water,  then  dissecting 
out  and  bringing  them  into  70  per  cent,  alcohol.  Laid  eggs 
may  have  boiling  water  poured  over  them,  or  be  put  into 
solution  of  Flemming  in  a  test-tube  which  is  plunged  into 
boiling  water  until  the  eggs  begin  to  darken  (about  a 
minute).  Cold  solution  of  Flemming  easily  causes  a  certain 
vacuolisation  of  the  contents  of  the  ova.  Open  the  ova  at 
the  larger  end,  stain  with  borax-carmine  for  fifteen  to  thirty 
hours,  and  cut  in  paraffin. 

BuuEL  [Zool.  Jahrh.,  AUli.  Morph.,  x,  1897,  p^.  569)  fixes 
larva3  and  pupas  in  absolute  alcohol  heated  to  70°  to  75  C, 
and  containing  "  a  little  "  sublimate.  See  also  Van  Rees, 
ibid.,  iii,  1888,  p.  10. 

Bengtsson  [Eandl.  Fysiogr.  Sfellsh  Lund.,  viii,  1897)  finds 
hot  alcoholic  solution  of  sublimate  (Frenzel's,  §  69)  the  best 
fixative  for  larvfe  of  Phalacrocera.  He  could  not  succeed  m 
softening  the  chitin  with  ean  de  Javelle. 

Peeez  {Arch.  Zool.  exfer.,  (4),  v,  1910,  p.  11)  fixes  pupas 
in  Bouin's  picro-formol,  or  Marchoux's  mixture,  for  twenty- 
four  hours. 

628.  LepidoDtera  (Bobretzky,  Zeit.  wiss.  Zool,  1879,  p.  198). 
—Ova  are  slightly  warmed  in  water  and  put  for  sixteen  to 
twenty  hours  in  0-5  per  cent,  chromic  ncid.  The  membranes 
can  then  be  removed. 
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629.  Hymenoptera. — Carbikkb  &  Burgtur  {Nova  Ada  Acad. 
Leaf.  Gar.,  Ixix,  1897,  p.  273)  kill  ova  of  Ghalicodoma  by 
warming  in  water  to  60°  C,  and  fix  in  aqueous  picric  acid, 
or  alcohol  of  70  per  cent. 

Petrdnkewitsch  {Zool.  Jahvh.  Ahth.  Morfli.,  xiv,  1901, 
p.  570)  fixes  for  twenty-four  hours  in  his  sublimate  mixture, 
and  passes  into  alcohol  of  70  per  cent,  with  iodine. 

630.  Orthoptera  (Patten,  Qiuirt.  Jonrn.  Mic.  8ci.,  1884,  p. 
549), — The  ova  or  larvaa  (of  Blattida)  are  placed  in  cold 
water,  which  is  gradually  raised  to  80°  C.  You  leave  off 
heating  as  soon  as  the  ova  have  become  hard  and  white. 
Pass  very  gradually  through  successive  alcohols,  beginning 
with  20  per  cent. 

Wheeler  {Journ.  of  Morph.,  iii,  1889,  p.  292)  dissects  out 
ovarian  ova  in  salt  solution  and  fixes  in  liquid  of  Pei-enyi 
((ifteen  minutes),  then  treats  with  alcohol,  and  stains  with 
borax-cai-mine.  Laid  eggs  may  be  killed  by  Patten's  method. 
After  heating,  the  two  lips  of  the  crista  of  the  capsule  may 
be  separated  with  fine  forceps  and  pieces  of  the  walls  torn 
away,  and  the  eggs  pushed  out  of  the  compartments  formed 
by  their  choria  and  hardened  as  desired.  Good  results  are 
also  obtained  by  heating  to  80°  C.  for  ten  minutes  in 
liquid  of  Kleinenberg,  and  preserving  in  70  per  cent, 
alcohol.  T|iis  causes  the  envelopes  to  dilate  and  stand  off 
from  the  surface  of  the  egg,  so  that  they  can  easily  be 
dissected  away. 

Heymons  {Zeit.  wiss.  Zool.,  liii,  1892,  p.  434),  for  young 
embryos,  incises  the  cocoon  at  the  end  by  which  it  adheres 
in  the  body  of  the  mother,  brings  it  for  two  minutes  into 
water  heated  to  90°  C,  and  opens  in  Flemming,  in  which 
the  embryo  is  dissected  out. 

Morgan  [Amer.  Natural.,  xxii,  1888,  p.  357)  puts  ova  of 
Feriplaneta  for  thirty  minutes  or  an  hour  into  eau  de  Javelle 
diluted  with  4  to  8  vols,  of  water  and  slightly  warmed,  which 
softens  the  capsules. 

631.  Coleoptera. — Hirschler  [Zeit.  loiss.  Zool.,  xcii,  1909,  p. 
628)  fixes  ova  of  Donacia  (after  incising  the  chorion)  for  two 
to  three  hours  in  equal  parts  of  sublimate  of  6  per  cent,  and 
nitric  acid  of  3  per  cent. 
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Salinq  {Dissert.  Marhnrg,  1900,  p.  10)  fixes  ova  of 
Tenehrio  for  about  two  minutes  in  a  hot  niixturo  of  40  parts 
of  alcohol  of  96  per  cent.,  4  of  nitric  acid,  and  50  of  saturated 
aqueous  sublimate  ;  or  for  3  minutes  in  a  hot  mixture  of  1 
part  of  formol  with  3  of  water. 

Kakawaiew  {Biol.  Gentmlb.,  xix,  1899,  p.  124)  kills  larvic 
of  Aiiohium  in  liot  water,  freezes  them  with  other  spray,  cuts 
away  a  lateral  strip,  lets  them  thaw,  and  puts  for  24  hours 
into  picro-sulphuric  acid. 


632.  Phalangida. — The  ova  of  Flalnngium  opilio  possess  a 
chorion  covered  with,  yellow  corpuscles  that  render  them 
opaque.  Balbiaki  puts  them  into  water  with  a  few  drops  of 
caustic  potash,  and  raises  to  boiling  point.  The  ova  are  then 
laid  on  filter  paper,  and  the  chorion  removed  by  rubbing  with 
a  camel's  hair  brush,  the  vitelline  membrane  remaining 
intact,  so  that  the  embryo  can  be  studied  through  it. 

Hekking's  method  {Zait.  il'Ihs.  ZooL,  xlv,  1886,  p.  86). — 
Fix  with  boiling  water  or  Flemming.  Preserve  the  ova  in 
90  per  cent,  alcohol.  To  open  the  chorion,  bring  them  back 
into  70  per  cent,  alcohol,  which  causes  them  to  swell  up  so 
that  the  chorion  can  easily  be  pierced  with  needles,  and  the 
ovum  turned  out. 

633.  Araneida. — Kishinouye  [Jottrn.  Coll.  Scl.  Inqi.  Univ. 
Japan,  iv,  1891,  p.  55 ;  ZM.  wiss.  Mile,  ix,  1892,  p.  215) 
fixes  in  water  warmed  to  70°  or  80°  C,  puts  into  70  per  cent, 
alcohol,  and  after  twenty-four  hours  therein  pierces  the 
membranes  and  passes  through  stronger  alcohol. 

See  also  Locy,  Bull.  Mu^.  Comp.  Zool.  Harvard,  xii,  3, 
1886.  Fix  by  hot  water.  The  liquid  of  Perenyi  may  also 
be  used;  it  has  the  advantage  of  not  making  the  yolk  so 
granular. 

Montgomery  {Journ.  Morph.,  xx,  1909,  p.  628)  fixes  ova 
of  Theridium  for  1  or  2  hours  in  Carnoy  &  Lebrun's  mixture. 

Lambeet  (ibid.,  p.  420)  fixes  ova  of  Epeira  in  picro-sul- 
phuric acid  warmed  to  70°  or  80  C. 

PuiiCELL  {Quart.  Journ.  Micr.  8ci.,  liv,  1909,  p.  7)  fixes 
ova  of  Atta  in  boiling  saturated  sol.  of  sublimate  in  alcohol 
of  70  per  cent, 
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Hambuuoiou  {Zelt.  loiss.  Zool.,  xcvij  1910,  p.  3)  fixes  ova  of 
Argyronefa  in  Gilson's  mixture. 

634.  Limulus. — Kingsley  {Journ.  Marph.,  vii,  1892,  p.  38) 
kills  ova  by  heating  in  sea-water  to  70°  or  75°  C.  and  brings 
into  alcohol  of  30  to  70  per  cent.  Similarly  Kisitinouvk, 
Jo'trn.  Coll.  8ci.  J((,pan,  v,  1893,  p.  56. 

635.  Decapoda. — Reicheni3Ach  [Ahh.  Senclcenherg  Ges.  Frank- 
furt, xiv,  188G,  p.  2)  fixes  ova  of  Astacm  in  water  gradually 
war  med  to  60°  or  70°  C.  (if  the  choi  •ion  should  burst,  that 
is  no  evil),  hardens  for  twenty-four  hours  in  1  to  2  per  cent, 
bichromate  of  potash  or  0-5  per  cent,  chromic  acid,  washes 
out  for  the  same  time  in  runnino-  water,  and  bring-s  into 
alcohol.  Eemove  the  chorion,  and  remove  the  embi-yo  from 
the  yolk  with  a  sharp  knife. 

Hgkrick  [Bull.  U.  S.  Fish.  Comm.,  xv,  1896,  p.  226) 
kills  the  ova  in  hot  water,  shells  and  fixes  in  picro-sulphuric 
acid. 

For  Homimis,  see  Waite,  Bull.  Mus.  Gonip.  Zool.,  xxxv, 
1899,  p.  155. 

636.  Amphipoda. — Bella  "Vallio  {Fauna  u.  Flora  Golf. 
Neapel,  xx,  Monog.,  1893,  p.  170)  puts  ova  of  Orchcsfia  by 
means  of  ^  pipette  into  boiling,  cold-saturated  sublimate 
solution,  removes  them  instantly  into  sea-water,  and  thence 
into  weak  alcohol.  If  the  chorion  does  not  burst  of  itself  it 
nmst  be  pricked  with  a  needle. 

637.  Cladocera.— Haeker  {Zellmi.  u.  Befritchtungslehre,  1899, 
p.  60)  fixes  females  of  8ida  with  winter  eggs  in  a  hot  mix- 
ture of  100  c.c.  alcohol  of  70  per  cent,  with  1  to  2  c.c.  satu- 
rated sol.  of  sublimate.  Sec  also  Samteb,  Zeit.  uhss.  Zool., 
Ixviii,  190U,  p.  176. 

638.  Copepoda.— Kkuegru  {Arch.  Zellforsch.,  vi,  1911,  p. 
173)  fixes  ovaries  of  Harpactida  in  Zenker's  mixture  with 
10  per  cent,  of  formol  added.  No  other  liquids  give  good 
results. 
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Vermes. 

639.  Rotatoria.— Jennings  {BuU.  Miis.  Harvard  Coll.,  xxx, 
1896,  p.  101)  finds  tlie  best  fixative  for  pregnant  females  is 
the  strong  liquid  of  Flemming,  but  the  ova  must  then  be 
bleached  with  chlorate  of  potash  (§  575). 

Lenssen  {La  Celhile,  x\v,  1898,  p.  4-28)  fixes  ova  of 
Ilydatina  with  sublimate  for  20  seconds. 

640.  Turbellaria. — Gardineii  (Journ.  of  Morph.,  xi,  1895, 
p.  158)  finds  the  best  fixative  for  ova  of  Polychocrns  is  a 
mixture  of  equal  parts  of  absolute  alcohol  and  glacial  acetic 
acid. 

Bresslau  {Zeit.  wiss.  ZooL,  Ixxvi,  1904,  p.  219)  fixes 
Mesostomidfe  with  summer-eggs  in  Tellyesniczky's  mixture 
(either  cold  or  warmed  to  60°  or  70°  0.)  for  10  to  12  hours, 
and  washes  out  for  the  same  time.  He  incises  winter-ova  at 
one  pole,  fixes  and  brings  into  alcohol  of  95  per  cent.,  then 
makes  an  incision  at  the  other  pole,  and  imbeds  in  paraffin 
through  cedar  oil.  In  the  paraffin,  slices  of  the  shell  may  be 
removed  with  a  scalpel,  and  the  ova  re-imbedded  when  suffi- 
ciently shelled. 

Van  deb  Steicht  {Arch.  Biol,  xv,  1898,  p.  370)  finds  that 
ova  of  Thysaiioznon  will  only  cut  well  when  they  have  been 
not  more  than  two  minutes  in  absolute  alcohol  followed  by 
chloroform  and  paraffin  as  used  by  Carnoy  and  Lebrun, 
§  603. 

See  also,  for  Poly cl ads,  Fkancotte,  Arch.  Zool.  Exfer., 
vi,  1898,  p.  196;  and,  for  fresh-water  Planaria,  Iijima,  Zeit. 
wiss.  Zool.,  xl,  188  I',  p.  359. 

641.  Cestofla  (v.  Beneden,  Arch.  Biol.,  ii,  1881,  p.  187). — 
Ova  of  2'iBnia  in  which  a  chitinous  membrane  has  formed 
around  the  embryo  are  impervious  to  reagents.  They  may 
be  put  on  a  slide  with  a  drop  of  some  liquid  and  covered. 
Then,  by  withdrawing  the  liquid  by  means  of  blotting-paper, 
the  cover  may  be  made  to  gradually  press  on  them  so  as  to 
burst  the  membranes,  and  the  embryo  may  then  be  treated 
with  the  usual  reagents. 


Haswell  {Quart.  Journ.  Micr.  Sci.,  liv,  1909,  p.  417)  fixes 
ova  of  Temnocephala  in  "  sublimate  alcohol,"  brings  them 
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into  90  per  cent,  alcoliol  with  iodine  added,  and  thence 
o-radually  back  into  water,  softens  the  shells  in  weak  sodium 
hypochlorite,  washes  and  imbeds. 

642.  Trematoda.— CoE  {Zool.  JaJirb.,  Ahth.  Morph.,  ix,  1896, 
pp.  563,  566),  for  the  special  study  of  the  excretory  system 
of  the  Miracidia  of  Distuvium,  kills  with  osmic  acid,  rinses 
with  distilled  water,  and  puts  for  a  couple  of  days  into  i  per 
cent,  solution  of  silver  nitrate. 

Egg-capsules  maybe  softened  with  5  per  cent,  caustic 
potash  and  then  burst  open  (Heckert,  Bibl.  Zool.,  iv,  1889). 

643.  Nematoda. — The  ova  of  Ascaris  megalocej^hala,  a  clas- 
sical object  of  study,  are  one  of  the  most  impervious  things  in 
the  animal  kingdom.  Years  ago  FoL  related  to  me  that  he 
had  had  ova  segmenting  right  through  absolute  alcohol  into 
balsam.  BxtkmAjO-h  [Arch.  Entinckelnrigsmecli.,  1901,  p.  149) 
has  had  ova  showing  living  embryos  after  having  been  for 
six  months  in  liquid  of  Flemming,  and  found  them  to  remain 
alive  for  months  after  drying  for  21  hours  at  35°  C,  and 
mounting  in  balsam,  and  for  weeks  in  acids  or  alkalies. 

Doubtless  the  best  fixative  yet  made  known  for  ova  fur- 
nished with  their  capsules  will  be  found  to  be  that  of 
Carnoy  and  Lebrun,  §  80  [La  Cellule,  xiii,  1897,  p.  68).  After 
fixation  the  ova  ai'e  carefully  brought  into  80  per  cent, 
alcohol,  in  which  they  are  preserved.  Imbedding  should  be 
carefully  done  as  recommended  for  the  ova  of  Amphibia 
(§  603),  but  they  ought  not  to  remain  in  the  pure  paraffin 
for  more  than  a  minute  to  a  minute  and  a  half.  But  these 
authors  prefer  the  celloidin  method.  At  least  six  weeks' 
soaking  in  the  different  strengths  of  celloidin  will  be  neces- 
sary to  ensure  penetration.  They  stain  with  iron  hasma- 
toxylin. 

ZuR  Strassen  [Arch.  Entwichehtnrjsmech.,  iii,  1896,  p.  29) 
fixes  for  twenty-four  hours  in  a  mixture  of  4  parts  96  per 
cent,  alcohol  and  1  part  acetic  acid,  brings  into  pure  alcohol, 
stains  with  hydrochloric  acid  carmine,  and  bi-ings  gradually 
into  glycerin. 

Similarly  Zoja  [Arch.  mik.  Anat.,  xlvii,  1896,  p.  218)  and 
Eri.anger  [ihid.,  xlix,  1897,  p.  309).  Zoja  stained  with  Bis- 
marck brown  and  examined  in  dilute  glycerin ;  Erlanger 
made  paraffin  sections  and  stained  with  iron  ha5ma.toxylin. 
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KosTANECKi  and  Siedlucke  {ihid.,  xlviii,  1890,  p.  184) 
employed  concentrated  sublimate  solution,  or  8  per  cent, 
nitric  acid  or  mixtures  of  these  two,  for  ovarian  ova. 

Van  Benkden  and  Neyt  {Bull.  Acad.  Baly.,  1887,  p.  214) 
took  equal  parts  of  alcohol  and  acetic  acid.  Bovkki  [Jtna 
Zeit.,  xxi,  1887,  p.  423)  fixed  in  his  picro-acetic  acid,  §  95 — 
a  clearly  inadequate  method.  Gulick  [Aich.  ZellJ'orscli.,  vi, 
1911)  has  "  fixed  "  ova  of  IleteraM^  for  22  hours  in  one  third 
saturated  picric  acid  with  -3  per  cent,  of  glacial  acetic  acid, 
and  had  them  develop  in  alcohol  of  70  per  cent,  to  stages 
representing  a  normal  development  of  several  weeks. 

Boring  {Arch.  Zellforsch.,  iv,  1909,  p.  121)  spreads  ova  of 
AscarLs  on  a  layer  of  Mayer's  albumen  on  a  slide,  sets  the 
albumen  with  a  drop  of  formol,  fixes  with  4  parts  of  alcohol 
to  1  of  acetic  acid,  stains  in  alcoholic  hydrochloric  acid 
carmine,  and  mounts  in  glycerin. 

AiiTOM  {Zeit.  wiss.  Mik.,  xxv,  1908,  p.  h)  freezes  segments 
of  the  uteri  of  Ascarls  in  salt  water,  and  cuts  them  with  the 
freezing  microtome  into  disks  30  fi  thick,  and  fixes  these  with 
divers  liquids. 

Cerpontaine  {ibid.,  xxix,  1912,  p.  305)  brings  fixed  ova 
from  alcohol  into  absolute  alcohol  with  1  per  cent,  of  clove 
oil,  evaporates  this  down  to  one  tenth,  puts  into  absolute 
alcohol  with  5  per  cent,  of  clove  oil,  evajiorates  again  down 
to  one  tenth,  then  into  the  same  with  5  percent,  of  collodion 
added,  evaporates  almost  entirely  away,  and  passes  through 
cedar  oil  into  paraffin. 

EcMnodermnta ,  Goelenterata,  and  Porifera. 
See  the  chapter  on  "  Zoological  Methods." 
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644.  Study  of  Living  Cells. — In  the  young  larvas  of  Am- 
phibia, both  Aiuira  and  Urodela,  the  gills  and  caudal  "  fin," 
and  sometimes  other  regions,  may  be  studied  in  the  living 
state. 

The  larvas  may  be  fixed  in  a  suitable  cell,  or  wrapped  in 
moist  blotting-paper,  or  may  be  curarised;  or  the  tail  may 
be  excised.  (It  is  preferable  to  cut  through  the  larva  close 
in  front  of  the  hind  limbs.) 

In  the  living  animal  the  epithelial  cells  and  nuclei  (in  the 
state  of  repose)  are  so  transparent  as  to  be  hardly  visible  in 
the  natural  state.  They  may,  however,  be  brought  out  by 
curarising  the  larva  ;  or,  still  better,  by  placing  the  cura- 
rised larvji  for  half  an  hour  in  1  per  cent,  chloride  of  sodium 
solntion.  Normal  larvas  may  be  used  for  the  study  of  the 
active  state  of  the  nucleus,  but  much  time  is  saved  by  using 
curare. 

Guraro. — Dissolve  1  part  of  curare  in  100  parts  water,  and 
add  100  parts  of  glycerin.  Of  this  mixture  add  from  5  to  10 
drops  (according  to  the  size  of  the  larva),  or  even  more  for 
large  larvte,  to  a  watch-glassful  of  water.  From  half  to  one 
hour  of  immersion  is  necessai-y  for  curarisation.  The  larvas 
need  not  be  left  in  the  solution  until  they  become  quite 
motionless ;  as  soon  as  their  movements  have  become  slow 
they  may  be  taken  out  and  placed  on  a  slide,  wrapped  in 
blotting-paper.  If  they  be  replaced  in  water  they  return  to 
the  normal  state  in  eight  or  ten  hours,  and  may  be  re-cura- 
rised  several  times. 

Other  Narcotics. — Three  per  cent,  alcohol  or  3  per  cent, 
ether,  or  infusion  of  tobacco,  may  be  used  in  a  similar  way. 
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Those  imgeiibs  cauao  no  obstruction  to  the  processes  of  cell- 
division. 

Tndlferont  Media. — One  .per  cent,  salt  solution,  iodised 
sorum,  syrup,  cold  water  (+  1*^0.),  and  warm  water  (:i5°  — 
40°  C).  The  tail  may  be  excised  from  the  living  animal  and 
studied  for  a  long  time  in  these  media  (Pkkemeschko,  Arch, 
mile.  Anat.,  xvi,  1879,  p.  437). 

For  the  processes  of  staining  living  cells  see  §  208. 

645.  Study  of  Fresh  and  Lightly  Fixed  Cells.— So-called 

"  indifferent  "  liquids  must  not  be  believed  to  be  without 
action  on  nuclei.  Iodised  serum,  salt  solution,  serum,  aqueous 
liumour,  lymph,  better  deserve  the  name  of  weak  hardening 
agents.  Between  these  and  such  energetic  liardening  agents 
as  Flemming's  mixture  come  such  light  fixing  agents  as 
picric  acid  or  very  dilute  acetic  acid.  These  it  is  whose 
employment  is  indicated  for  the  study  of  fresh  isolated  cells. 

A  typical  example  of  this  kind  of  work  is  as  follows  : 
Tease  out  a  piece  of  living  tissue  in  a  drop  of  acidulated 
solution  of  methyl  gi'een  (0'75  per  cent,  of  acetic  acid).  This 
is  a  delicate  fixing  agent,  killing  cells  instantly  without 
change  of  form.  Complete  the  fixation  by  exposing  the  pre- 
paration for  a  quarter  of  an  hour  to  vapour  of  osmium,  and 
add  a  drop  of  solution  of  liipart  and  Petit  and  a  cover. 

Or  you  may  fix  the  preparation,  after  teasing,  with  vapour 
of  osmium  for  half  a  minute  to  two  minutes,  then  add  a 
drop  of  methyl  green,  and  after  five  minutes  wash  out  with 
1  per  cent,  acetic  acid,  and  add  solution  of  Ripart  and  Petit 
and  cover. 

Or  you  may  kill  and  fix  the  cells  by  teasing  in  solution  of 
liipart  and  Petit  (to  which  you  may  add  a  trace  of  osmic 
acid  if  you  like),  and  afterwards  stain  with  methyl  green. 

I  have  found  Pictet^s  chloride  of  manganese  (§403)  useful  as 
an  examination  medium.  A  little  solution  of  dahlia  may  be 
added  to  it. 

Henking  {Zeit.  wiss.  Mik.,  viii,  1891,  p.  156)  recommends 
a  liquid  composed  of — 

Water  80  c.c. 

Glycerin  .  .  .  .  .  16  „ 
Formic  acid  .  .  .  .  .  3  „ 
Osmic  acid  of  1  i^er  cent.  .  .  .  1  „ 
Dahlia  0'04grm. 
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Other  fixing  agents,  such  as  picric  acid  or  vvealc  sublimate 
solution,  may  of  course  be  used.  Other  stains,  too,  such  as 
Bismarck  brown,  and  of  course,  other  examination  media 
than  solution  of  Ripart  may  be  employed.  But,  for  general 
purposes,  the  methyl  -  green  -  osmium  -  and  -  liipart's  -  medium 
method  gives  such  good  results,  and  is  so  very  convenient, 
tliat  it  may  be  called  a  classical  method  for  the  study  of  fresli 
cells. 

646.  Some  Microchemical  Reactions. — Methyl  green  is  a  test 
for  chromatin,  in  so  far  as  (with  fresh  cells)  it  colours  nothing 
but  the  chromatin  iit  the  mi^cleios,  see  §  276.  It  is,  however, 
not  a  perfect  test,  for  the  intensity  of  the  coloration  it  pro- 
duces varies  greatly  in  different  nuclei,  and  may  in  certain 
nuclei  be  extremely  weak,  or  (apparently)  even  altogether 
wanting.  In  these  cases  other  tests  must  be  applied  in  order 
to  establish  with  certainty  the  presence  or  absence  of  that 
element. 

Chromatin  is  distinguished  from  albuminoids  by  not  being 
soluble,  as  these  are,  in  water  and  in  weak  mineral  acids, 
such  as  O'l  per  cent,  hydrochloric  acid.  It  is  easily  soluble 
in  concentrated  mineral  acids,  in  alkalies,  even  when  very 
dilute,  and  in  some  alkaline  salts,  such  as  carbonate  of  potash 
and  biphosphate  of  soda.  In  the  presence  of  10  per  cent, 
solution  of  sodium  chloride  it  swells  up  into  a  gelatinous 
mass,  or  -"even,  as  frequently  happens,  dissolves  entirely 
[Caiwoy,  Biol.  Cell.,  pp.  208—9).  It  is  only  partially  digestible 
(when  in  situ  in  the  nucleus)  in  the  usual  laboratory  digestion 
fluids. 

The  solvents  of  chromatin  that  are  the  most  useful  in 
practice  are  1  per  cent,  caustic  potash,  fuming  hydrochloric 
acid,  or  cyanide  of  potassium,  or  carbonate  of  potash.  These 
last  generally  give  better  results  than  dilute  alkalies.  They 
may  be  employed  in  solutions  of  40  to  50  per  cent,  strength. 
If  it  be  desired  to  remove  all  the  chromatin  from  a  nucleus 
the  reaction  must  be  prolonged,  sometimes  to  as  much  as  two 
or  three  days,  especially  if  the  operation  be  conducted  on  a 
slide  and  under  a  cover- glass,  which  is  the  safer  plan. 

These  operations  must  be  performed  on  fresh  cells,  for 
hardening  agents  render  chromatin  almost  insoluble  in 
ammonia,   potash,   or  sodic  phosphate,  etc.  Hydrochloric 
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acid^  liowcver,  stilj   swells  and   dissolves   it,  tljiniyh  witli 
difficulty. 

Chvomatiu  resists  tlic  action  of  diyestiva  jluids  niucli 
longer  than  the  albumins  do  ;  so  that  a  moderate  digestion 
serves  to  free  the  chromosomes  from  any  caryoplasmic  granula- 
tions that  may  obscure  them,  whilst  at  tlie  same  time  it  clears 
up  the  cytoplasm.  Unna  [Monutschr.  2>rakt.  Derm.,  xxxiii, 
1901,  p.  342)  digests  tissues  in  solutions  of  sodium  chloride, 
to  remove  the  granoplasm. 

For  Glycogen  see  Orbighton,  The  Formative  Property  of  Glycogen, 
Lonclou,  1896;  Gage,  Trans.  Amcr.  Micr.  See,  xxviii,  1908,  p.  203; 
Kato,  Arch.  Gos.  Phys.,  cxxvii,  1909,  p.  125 ;  Best,  Zeit.  iciss.  Mikr., 
XX,  1904,  p.  358,  and  xxiii,  1909,  p.  319;  Busch,  Arch,.  Intern.  Phys.,  iii, 
1905,  p.  51 ;  Mayer,  Zeit.  luiss.  Mihr.,  xxvi,  1909,  p.  513 ;  Arnold, 
Sitzh.  Heidelberg.  Acad.  Wiss.,  1909,  p.  1,  1910,  p.  3,  aud  1911, 14  Ahh. ; 
Arch.  Path.  Anat.,  cxciii,  1908,  j).  176 ;  Arclt,.  mile.  Anat.,  Ixxiii,  1909,  p. 
205;  lxxvii,1911,  p.34G;  Bcitr.  path.  Anat.,  Yi,U)ll,  ix  43d  ;  Fraenkul, 
Vircliow's  Arch.,  1911,  p.  197 ;  Ziegwallner,  Zeit.  iviss.  Mile,  xxviii, 
1911,  p.  152  ;  Nbubert,  Bcitr.  path.  Anat.,  xlv,  1909,  p.  38  ;  Erhard, 
Arch.  ZcUforsch.,  viii,  1912,  pp.  447  and  507  ;  Ehrlich  and  Lazarus, 
Bie  Anaemic,  1898,  p.  30  ;  Pekelharing,  Petrus  Camper,  Deal  I,  1901, 
p.  231 ;  Driessbn,  Zeit.  wins.  Mile,  xxii,  1905,  p.  422  ;  Fischer,  Anat. 
Anz.,  xxvi,  1905,  p.  399  ;  Fiessinger,  C.  R.  Soe.  Biol.,  Ixvi,  ]909,  p.  183; 
Neukirch,  Arch.  path.  Anat.,  cc,  1910,  p.  82;  Vastarini-Cresi,  Att. 
Acc.  Med.  Chir.  Napoli,  xli,  1907,  p.  350,  and  xliii,  1909,  p.  109 ; 
SiLBERMANN  and  OzoROWiTZ,  Ball.  Soc.  Sci.  Bucared,  xvii,  1908,  p.  43. 

For  Pliosphorus  see  Macalltjm,  Proc.  Boy.  Soc,  Ixiii,  1898,  p.  4G7  ; 
Heine,  Zeit.  Phijs.  Cliemio,  xxii,  189G,  p.  132;  Bensley,  Biol.  Bull. 
Wood's  Roll,  X,  1906,  p.  62  ;  Scott,  Journ.  Phys.  Cambridge,  xxxv,  1906, 
p.  119. 

For  Iron  see  Macallitm,  Ergeb.  Phys.  Wiesbaden,  vii,  1908,  p.  565 ; 
TiRMANN,  Goerbersdorfer  Veroeffentl.,  ii,  1898,  p.  Ill ;  Macallum,  Quart. 
Journ.  Micr.  Sci.,  xxxviii,  1895,  p.  175  ;  Schneider,  Mitth.  Zool.  Stat. 
Neapel,  xii,  1895,  p.  'i08 ;  Carnoy  and  Lebrtjn,  La  Cellule,  xii,  1897, 
p.  275  ;  SuMiTA,  Arch.  path.  Anat.,  cc,  1910,  p.  2o0 ;  Zaleski,  Zeit. 
Phys.  Chemie,  xiv,  1890;  Wassermann,  Anut.  Hefte,  xlii,  1910,  p.  283. 

For  Copper  see  Boyce  aiid  Herdman,  Proc.  Roy.  Soc,  Ixii,  1897,  p. 
35  ;  Macallum,  Journ.  Phys.  Cambridge,  xxii,  1897,  p.  92;  Marfori, 
Arch.  Ital.  Biol,  xxx,  1898,  p.  186. 

For  Zinc  see  Mendel  and  Bradley,  Amer.  Journ.  Phys.,  xiv,  1905, 
p.  320. 

For  Lime  salts  see  Grandis  and  Mainini,  Arcli.  Ital.  Biol.,  xxxiv, 
1900,  p.  75 ;  ScHAFFER,  Zeit.  iciss.  Zool.,  Ixxxix,  1908,  p.  13  ;  Leutert, 
Encycl.mihr.  Technilc,  ii,  p.  588;  Stoeltzner,  Arch.  path.  Anat.,  clxxx, 
1905,  p.  363    Macallum,  Ergeb.  Phys.  Wiesbaden,  vii,  1908,  p.  612. 
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For  Potassium  see  Macallum,  Jotmi.  Phyn.  Cambridge,  xxxii,  1905, 
p.  95 ;  Ergeb.  Phys.  Wiesbaden,  vii,  ]908,  p.  600. 

For  Gitanin  see  GiACOMO,  Zeit.  loiss.  Mile,  xxvii,  1910,  p.  257. 

Couceriiing  the  uiicrochemistry  of  the  cell  in  general  see  further /owj'iZt 
edition;  also  Caenoy  &  Lebrun,  La  Celhile,  xii,  2, 1897,p.  194;  Zimmeb- 
MANN,  Die  Mor;phologie  u.  Pliysiologie  des  PJlanzlichen  ZeWcernes,  Jena, 
1896  (treats  also  of  the  animal  cell) ;  Haeckeb,  Praxis  u.  Theorie  der 
Zelleniind  Befruchtungslehre,  Jena;  Pbbnant,  Joiun.  Anat.  Phys., 
xlvi,  1910,  p.  343. 

647.  Cytological  Fixing  Agents. — A  fixing  agent  that  is 
good  for  one  element  of  a  cell  is  not  necessarily  good  for  all 
otliers. 

As  regards  the  micle^is,  all  fixatives  should  be  acid;  for  if 
not  they  will  not  satisfactorily  preserve  either  chromatin  or 
nucleoli. 

For  instance,  bichromate  of  potash,  if  not  rendered  acid, 
fixes  chromosomes  and  nucleoli  in  a  distended  state  so  that 
clear  images  of  them  are  not  obtained.  Acids  contract  them 
somewhat,  and  so  give  them  sharper  outlines. 

The  fixatives  mostly  employed  for  nuclei  are  liquid  of 
Flemming  and  liquid  of  Hermann.  There  is  a  slight  differ- 
ence between  them.  Liquid  of  Hermann,  owing  to  the 
platinum  chloride,  causes  chromatin  to  shrink  more  than 
liquid  of  Flemming  does,  and  for  this  reason  is  supposed  to 
give  clearer  images  of  chromosomes,  especially  of  their 
splitting.  I  find  that  it  generally  make  sthem  shrink  too 
much,  and  that  it  is  not  at  all  good  for  spindles. 

For  many,  if  not  most  objects,  I  prefer  to  these  two  reagents 
Bouin's  picro-formol,  which  gives  a  highly  faithful  preserva- 
tion and  a  more  penetrating  and  equable  fixation. 

Alongside  of  this  I  would  place  Carnoy  &  Lebeun's  acetic- 
acid-sublimate  fluid,  which  gives  equally  fine  images  of 
chromosomes,  and  is  still  more  penetrating.  It  is,  however, 
not  so  good  for  spindles.  For  these  I  recommend  Flemming 
(picro-formol  does  not  give  quite  such  bold  images). 

Some  of  the  finest  chromosomes  I  have  seen  have  been 
fixed  with  Lindsay  Johnson's  mixture  (§  44),  and  liquid  of 
Tellyesniczky  has  given  me  others  nearly  if  not  quite  as 
good. 

As  regards  the  cyloplasm.  Cytoplasm  is  made  up  of  two 
elements  :  a  fibrilhir  element — the  spongioplasm  or  mitome  j 
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and  a  moro  oi*  less  graiinlar  liquid  that  hatlios  it — the 
hyaloplasm  or  oiiohylema.  It  does  not  follow  that  a 
reagent  that  will  fix  one  of  these  will  also  fix  the  other. 
Nor  is  it  always  desirable  that  both  should  be  equally 
fixed. 

If  you  fix  both,  you  will  have  a  full  fixation ;  but  in  that 
case  the  granules  of  the  hyaloplasm  (be  they  vital,  or  be  they 
only  "precipitation  forms,"  see  §  29),  and  the  secretions  or 
other  enclosures  that  may  be  present  in  it,  may  so  mask  the 
fibrils  of  the  spongioplasm  as  to  interfere  with  the  observa- 
tion of  it.  So  that  if  the  latter  is  the  principal  object  of 
study,  a  thin  fixation,  one  in  which  the  spongioplasm  is 
entirely  preserved,  but  the  hyaloplasm  only  partly,  may  be 
the  better. 

The  s^Jori gioplasm  is  the  easier  to  fix  of  the  two,  and  the 
majority  of  acid  fixatives  will  preserve  it  more  or  less.  The 
best  images  I  have  obtained  are  those  given  by  liquid  of 
Flemming  or  Hermann  in  cells  in  which  the  action  of  the 
reagent  has  been  moderate,  i.  e.  insufiicient  to  thoroughly 
fix  the  hyaloplasm  at  the  same  time.  Nearly,  if  not  quite, 
as  good,  is  Bouin's  picro-formol,  which  has  the  great  advan- 
tage of  being  very  favourable  for  plasma-staiiiing.  I  have 
also  had  very  good  results  with  vom  Rath's  picro-osmic  and 
picro-platinosmic  mixtures,  and  with  acid  sublimate. 

Hyaloplasm  is  not  nearly  so  easy  to  fix,  and  there  are 
only  two  reagents  in  common  use  that  readily  give  a  really 
full  fixation  of  it;  these  are  osmic  acidandbichroviate  of  potash. 

Osmic  acid  acts  as  a  fixative  of  hyaloplasm  in^  liquid  of 
Flemming  or  Hermann,  but  only  gives  a  full  fixation  in  the 
outer  layers  of  the  material ;  and  in  these  it  easily  happens 
that  many  or  most  of  the  cells  are  ruined  by  over-fixation 
(see  §  35). 

This  defect  may  be  to  a  certain  degree  corrected  by  taking 
the  osmic  acid  weaker  than  is  usual.  Thus  by  successively 
reducing  the  proportion  of  this  ingredient  in  liquid  of 
Hermann,*  I  have  found  that  it  can  be  brought  down  to 
*  NiESSiNG  {Arch.  mile.  Anat.,  xlvi,  1895,  p.  147)  lias  tlie  following 
two  modifications  of  Hermann's  mixture  : 

(1)  Platinum  chloride,  10  per  cent,  solution  .       .  25 

Osmic  acid,  2  per  cent  20 

Glacial  acetic  acid  

Distilled  water  
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one  eighth  of  the  pvescribed  amount  without  loss  of  tlie  dis- 
tinctive characters  of  the  fixation. 

The  defect  of  want  of  penetration  seems  to  be  incurable 
(see  §§  35  and  42).  Substitution  of  more  highly  penetrat- 
ino-  reasrents,  such  as  picric  acid,  for  the  chromic  acid  or 
platinum  chloride,  does  not  help  in  the  least ;  you  only  get 
the  osmic  fixation  outside,  no  whit  deeper  than  before,  and  a 
picro-acetic  fixation,  instead  of  a  chromo-  or  platino-acetic 
one,  in  the  deeper  layers,  that  is  all. 

In  view  of  these  defects  of  osmic  mixtures,  it  may 
often  be  advisable,  where  hyaloplasm,  or  its  enclosures,  is  the 
chief  object  of  study,  to  have  recourse  to  bichromate  of  potash. 
The  formula  that  has  given  me  the  finest  fixations  is  that  of 
LiNDSAV  Johnson,  but  it  has  the  drawback  that  there  is 
risk  of  osmication  in  the  outer  layers. 

In  this  respect  liquid  of  Tellyesniczky,  §  52,  is  to  be 
preferred. 

Corrosive  sublimtute  gives  a  fairly  full  fixation  ;  but  I 
believe  it  frequently  produces  serious  artefacts,  Heidenhain^s 
"Lanthanin"  being  one  of  them.  Heidenhain's  solution, 
§  64,  containing  as  it  does  some  11  per  cent,  of  sublimate, 
without  the  addition  of  any  acid  to  neutralise  its  shrinking 
action,  seems  to  me  to  be  an  inadmissibly  coarse  reagent. 
I  have,  however,  obtained  with  liquid  of  Oarnoy-Lebrun,  §  86, 
some  most^  excellent  fixations  of  cytoplasm.  The  aqueous 
solutions  of  sublimate  are  frequently  used  in  preference  to 
liquid  of  Flemming  on  account  of  the  facilities  they  afford 
for  the  employment  of  certain  stains  ;  but  to  that  end  I 
prefer  Bouin's  picro-formol. 

Altmann'b  fixtives  for  nuclei  see  yi/'i/i  ecZ^^^o»,  or  Arch.  Anat.  Entw., 
1892,  p.  223,  and  Lis  jE?Ze?fteHiofO)Y/fiiwsi)ie?),  1890.  His  mixture  for  hia 
granula  see  §  43.  See  also  Theohaei  (Journ.  de  I' Anat.,  xxxvi,  1 900, 
p.  216). 

(2)  The  same  with  a  saturated  aqueous  sohition  of  coiTOsive 
sul^limate  instead  of  the  water. 
They  are  both  of  them,  in  my  opinion,  as  ill-imagined  as  possible. 
They  contain  some  three  times  as  much  platinum  chloride  as  Hermann's, 
and  Hermann's  contains  already  quite  as  much  as  it  can  bear,  and,  I 
think,  much  more  than  is  advisable  :  see  the  proportions  in  the  mixtures 
§§  44  and  49.  Rabl  (Anai.  Anz.,  iv,  1889,  p.  21)  employed  it  of  from 
in  to    per  cent,  strength,  which  seems  to  me  much  nearer  the  mark. 
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648.  Chromatin  Stains.— For  fresh  tissues  see  §  645. 

For  sections  of  havdoned  tissues,  stains  sliould  be  chosen 
amongst  tliose  that  give  a  very  intense  as  well  as  a  very 
sharp  coloration.  Some  years  ago  safranin  and  gentian 
violet  were  the  most  used.  At  the  present  time  their  place 
has  been  taken  by  the  iron  htematoxylin  of  Benda  or  Heid- 
ENHAiN.  An  alum  ha^raatoxylin  such  as  well-ripened  Dela- 
field's,  or  Ehrlich's,  or  hsemalum,  may  also  give  very  good 
results. 

See  also  Thionin,  Kernschwarz,  and  Iron  Carmine,  §  220. 
For  Bataiu.on  andKoEiTLER'sborax-mcthylen-blue  ^eeComfies 
Bendus,  cxvu,  1893,  p.  521. 

649.  Nucleoli  are  "  acidophilous "  in  so  far  as,  in  fixed 
material,  they  select  bhe  acid  dye  or  dyes  from  mixtures  such 
as  the  Ehrlich-Biondi  stain.  With  this  they  stain  mostly 
red,  sometimes  orange.  With  fresh  material  they  do  not  stain 
at  a,ll  with  acid  methyl  green  (distinction  from  chromatin). 

But  in  fixed  material  treated  with  basic  dyes  (safranin, 
gentian,  etc.)  by  the  regressive  method  they  stain  more 
energetically  than  resting  chromatin,  and  at  least  as  much 
80  as  chromatin  in  the  kinetic  state.  With  iron-hajmatoxylin 
.they  stain  sometimes  full  black,  sometimes  grey  with  a  black 

shell.  .  , 

They  can  frequently  be  well  demonstrated  m  unstamed 
preparations  examined  in  water,  being  brought  out  by  their 
superior  refractivity,  and  are  sometimes  visible  in  the  living 

cell.  .  .  , 

One  of  the  best  ways  of  demonstrating  them  is  to  fix  with 
strong  liquid  of  Flemming,  and  stain  with  safranin,  followed 
by  differentiation  with  acid  alcohol  (§  286). 

Obst  (Zeit.  wiss.  Zool.,  Ixvi,  1899)  fixes  in  sublimate,  stains 
in  borax  carmine,  and  then  stains  the  sections  for  three 
hours  in  very  dilute  aqueous  methyl  green  or  solid  green. 
Nucleoli  blue,  chromatin  red. 

BucHNER  {Arch.  Zellforsch.,  iii,  1909,  p.  337)  has  found 
this  useful  for  distinguishing  the  accessory  chromosome  m 
testis  cells  of  Orthoptera— normal  chromosomes  red,  accessory 
and  chromatin  nucleoli  blue-violet. 

ZiMMERMANN  {Zsit.  wiss.  Mih.,  1896,  p.  463)  stains  for  10 
minutes  in  a  fresh  mixture  of  9  parts  O'l  per  cent,  aqueous 
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iodine  green  witli  11  parts  concentrated  iuiueous  soliiLioii  oi' 
hic]isin°  and  differentiates  in  absolute  alcohol  with  1  ])er  cent, 
of  acetic  acid  and  Ovl  per  cent,  of  iodine.  Nucleoli  red, 
chronnitin  blue. 

Fischer  [Fixiruny,  etc.,  p.  140)  adds  30  drops  oL'  hot  01 
per  cent,  fnchsin  solution  to  100  c.c.  of  0-3  to  0-5  per  cent, 
solution  of  methyl  green. 

Montgomery  {Journ.  Morph.,  xv,  1899)  stains  for  an  hour 
in  l-^hrlich's  hajmatoxylin,  and  then  for  five  minutes  in  con- 
centrated aqueous  eosiu,  or  first  with  concentrated  aqueous 
methylen  blue,  and  then  with  concentrated  alcoholic  solution 
of  Brazilin. 

See  also  Reddingius,  Virchow's  Arch.,  clxii,  1900,  p.  206.  For  nucleoli 
of  ova,  List,  MiWi.  Zool.  Stat.  Neapel,  xii,  1896,  p.  480 ;  of  nerve-cells, 
RuziCKA,  Zcit.  wiss.  Mile,  xiv,  1898,  p.  453,  and  Levi,  Eiv.  Put.  New. 
Ment.  Firenze,  iii,  1898,  p.  289. 

650.  Plasma  Stains. — I  have  been  unable  to  discover  a 
single  thoroughly  satisfactory  one.  Almost  all  of  them 
colour  too  readily  the  enchylema  or  hyaloplasm  at  the  same 
time  as  the  spongioplasm.  And,  on  the  other  hand,  there 
are  many  important  elements  of  cells  which  cannot  be  got 
to  stain  sufficiently. 

I  consider  Saurefuchsin  the  most  generally  recommendable, 
especially  after  iron  hajmatoxylin.     See  also  Bordeaux  11. 

Flemming's  Orange  Method  has  been  much  used.  It  is 
very  capricious  and  unreliable. 

Ehrlich-Biondi  mixture  is  a  celebrated  plasma  stain. 

The  Iron-Esemateiii  Lakes  of  Benda  and  M.  Heidenhain 
give  good  plasma  stains,  according  to  the  degree  of  extrac- 
tion, and  would  be  inferior  to  none  were  it  not  that  they 
stain  in  the  same  tone  as  the  chromatin.  See  also  Ehrlich's 
tri-acid,  and  his  acidophilous  mixture,  also  gold  chloride, 
Apathy's  process,  §  371,  and  Kernschivarz. 

Imperfectly  stained  plasma  structures  can  often  be  well 
brought  out  by  mounting  in  Euparal  instead  of  balsam. 

651,  Centrosomes. — These  can  be  stained  by  some  "acid" 
anilin  dyes,  better  by  a  "neutral"  dye  {e.g.  Flemming's 
orange  method,  or  the  Ehrlich-Biondi-Heidenhain  stain) .  But 
hy  far  the  best  stain  is  iron-hsematoxylin. 
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It  iti  said  Ijy  Heidenliaiu  that  the  stain  la  obtained  in  a  yliarpcr  form 
by  conibiiiiuH'  tlie  liajuiatoxyliu  btaiu  wilii  a.  foregoiiiy  stain  witli 
Bordeaux  11.  He  dii'ccls  (Arch.  mile.  Anal,.,  xlii,  18!)4,  p.  (J()5)  tliat  tlie 
sections  (siibliinate  sections  were  used  )jy  iiiiu)  a,re  to  be  sta,ined  foi- 
twenty-four  hoiu's  or  more  in  "  a  weak  "  solution  of  Bordejuix,  until  they 
have  attained  such  an  intensity  of  colour  as  that  "  they  would  just  be  fit 
for  microscopic  examination  with  high  powers"  (/.  c,  p.  440,  not<^),  and 
that  they  be  then  brought  into  the  ferric  alum.  After  moi-dauLing  and 
staining,  the  ha;matoxyliu  is  to  be  extracted  in  ihe  iron  alum  luitil  Liu; 
chromatin  has  become  entirely  or  almost  entirely  colourless.  Instead 
of  Bordeaux,  "  anilin  blue  "  may  be  used  in  tlie  same  way. 

'J'lic  images  of  these  objects  given  by  iron-hfBmatoxyHii 
require  to  be  interpreted  with   special   care.     For  they 
sotiietimes  exhibit   the  phenomenon    termed    by  FiscnEit 
{Fixiritn/j,  Fiirhung  und  Ban  des  Frulo'pl(miiai<,  1899,  p.  31, 
et   fussvm)    "  Spiegelfaerbung,"  that  is — a  hnU's  eye  effect. 
Globular  or  even  elongated  objects,  such  as  chromosomes,  do 
not  always  yield  up  their  stain  simultaneously  and  equally 
throughout  their  whole  depth,  but  lose  it  suddenly  and 
entirely  in  their  outer  layers,  whilst  retaining  it  in  its  full 
strength  in  their  deeper  layers.     The  still-stained  parts  thus 
remain  separated  from  the  decoloured  parts  by  a  sharply- 
defined  limit  ;  so  that  a  spherical  granule  in  this  state  will 
show   a  central  point  deeply  stained — the  bull's  eye — and 
around  it  a  perfectly  colourless  area — the  white  of  the  target. 
And  when  the  object  is  in  balsam  it  is  frequently  quite 
impossible  to  distinguish  the  outer  limit  of  this  colourless 
area,  so  that  the  whole  object  a,ppears  to  have  only  the 
dimensions   of   the   stained  area.     It  seems  that  certani 
erroneous  observations  that  have  been  published  have  been 
due  to  this  deception. 

Hermann  (Arch.  mile.  Anat.,  xxxvii,  4,  1891,  p.  583)  recommends  a 
modification  of  the  hismntoxylin  impregnation  method  of  Pal,  for  which 
see  fourth  edition  ;  also  his  paper,  "  Methodeu  zum  Studium  des  Ai-cho- 
plasmas"  in  Ergehnisse  der  Anatomie,  Band  ii,  1892  (1893),  p.  23. 
For  Heidenhain's  Vanadium  hematoxylin,  see  §  269. 
Bbnda  [Verh.  Phys.  Ges.  Berlin,  November,  1900,  Nr.  1-2;  Verh. 
Anat.  Ges.,  xv,  1901,  p.  167)  gives  the  following  as  succedanea  of  the 
iron  hematoxylin  method  :  The  material  is  to  be  fixed  in  alcohol  of 
about  93  per  cent,  for  two  days,  then  treated  for  twenty -four  hours  with 
nitric  acid  diluted  with  10  vols,  of  water.    Then  bichromate  of  potash 
of  2  per  cent.,  twenty-four  hours ;  chromic  a.cid  of  1  per  cent.,  forty-eight 
hours ;  water,  twenty-four  hours ;  alcohol ;  paraffin  (or  sections  hy 
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freezing).  The  secfcious  are  stained  either  by  iron  lixmaluxijiiii.  (twenty- 
four  hours  in  the  mordant  and  in  the  stain,  with  differentiation  in 
Weigerfs  borax-ferricyanide),  or  by  eitlier  of  the  two  following  methods  : 

((t)  The  seetions  are  oxidised  for  five  minutes  in  0'5  per  cent,  solution 
of  permanganate  of  potash,  reduced  in  Pal's  oxalic  mixture  till  they 
become  white  (about  three  minutes),  dried  with  blotting-paper  flooded 
with  Weigeut's  methyl-violet-oxalic  mixture,  or  with  the  crystal -violet 
solution,  §  330,  dried,  rinsed  with  solution  of  LuGOL,  rinsed,  dried  again 
with  blotting  paper,  differentiated  with  a  mixture  of  equal  parts  of 
xylol  and  anilin  oil,  dried,  rinsed  with  xylol,  balsam. 

(/>)  Sections  mordanted  twenty-four  hom-s  iu  iron  alum  of  4  per  cent, 
or  liquor  ferri,  §  241,  diluted  with  2  vols,  of  water,  rinsed,  stained  twenty- 
four  hours  in  the  sol.  of  sulphalizarinate  of  soda,  §  653,  rinsed,  mopped 
with  blotting-paper,  warmed  in  O"!  per  cent.  sol.  of  toluidin  blue  till 
vapour  is  given  off,  stained  fifteen  minutes  more  in  the  same  solution 
whilst  cooling,  dipped  in  acetic  acid  of  1  per  cent.,  dried  with  blotting- 
paper,  dipped  in  alcohol,  differentiated  about  ten  minutes  in  lieech-wood 
creosote,  dried  with  blotting-paper,  rinsed  many  times  with  xylol,  then 
balsam. 

The  Nehenhem  of  spermatic  cells  may  be  studied  by  tlie 
luetliods  indicated  for  centrosomes.  Kernschwarz  is  also 
very  useful  here. 

652.  Cell  GraniQes.— For  the  study  of  the  conspicuous 
"  granules/'  undoubtedly  metabolic  products,  occurring  in 
certain  gland-cells  and  blood-  and  lympli-corpuscles,  and  in 
certain  elements  belonging  to  the  group  of  connective  tissues, 
see  the  sections  on  "  Connective  Tissues."  The  most  gener- 
ally employed  stains  are  the  mixtures  of  Ehrmch. 

Intra  vitam  staining  is  useful  here  (see  §  208).  See  also 
Arnold,  Aimt.  Anz.,  xxi,  1902,  p.  417. 

Bbnua  {Verh.  phys.  Ges.  Berlin,  1899-1900,  Nr.  1-4,  and 
Verh.  Anat.  Ges.,  xv,  1901,  p.  172)  gives  the  following 
method  for  demonstrating  secretioii-ciranules  and  distinguish- 
ing them  from  other  granules:  Harden  for  24  hours  in  10 
per  cent,  formalin,  then  for  one  day  in  0-25  per  cent, 
chromic  acid,  one  in  O  SS  per  cent,  and  2  to  3  in  0-5  per 
cent.,  wash  one  day  in  water,  dehydrate  and  make  paraffin 
sections.  Then  stain  with  one  of  Ehrlich's  mixtures,  accord- 
ing as  the  granulations  are  basophilous,  acidophilous,  or 
neutrophilous.  The  methylen-blue  and  eosin  process  of 
Michaelis  is  recommended. 

For    Puenant's    Erga.stu'phism    see    especially  Gaunieb, 
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Bihl'ioyr.  ^Imd.^  Nov.  (il.li,  I8U7,  p.  27(S^  iuid  .luiini.  di;  LWiutt., 
xxxvi,  1900,  p.  22,  ami  under  "  Mifcoclioiidria,"  next  §. 

Altmann  (Stiidlen  iiher  die  Zellii,  1880 ;  Bin  Elementurorgcmimien 
Leipzig,  1890 ;  Arch.  f.  Anut.  u.  Entwixhel,  1892,  p.  223;  also  Zeit.  f. 
widx.  Mile,  vii,  2, 1890,  p.  199;  ix,  3, 1893,  p.  331;  and  L.  and  R.  Zoja, 
in  Mem.  It.  1st.  Lomhardo  di  Sci.  c  Lcttere  ,  xvi,  3,  vii,  p.  237)  dcuKui- 
sfcnites  Lis  "  Bioblasts  "  by  fixing  for  twenty-four  liours  in  a  mixture  of 
equal  parts  of  5  per  cent,  bichromate  of  potash  and  2  j)er  cent,  osiiiic 
acid,  imbedding  in  paraffin,  staining  sections  for  a  minute  on  the  slide 
held  over  a  flame  with  a  solution  of  20  grms.  of  acid  fuclisin  in  fOO  c.c. 
of  anilin  water  (§  286),  and  washing  out  with  satiuuted  alcoholic  soluticm 
of  picric  acid  diluted  with  2  volumes  of  water,  heat  being  used  as  before 
to  aid  the  diiferentiation,  and  finally  clearing  with  xylol  and  iiiouutiiig 
in  balsam.  See  hereon  the  critique  of  Fischer,  in  his  Fixiruvij, 
Faerhinig,  u.  Bern  des  Protoplasm  as,  pp.  108,  295  (these  granules 
mainly  artefacts). 

653.  Mitoclioiidria  (Chondriosomes,  Chondriokonts,  Chroniidia, 
Ergastoplasm,  etc.).-^Tliese  formations  are  fixed,  more  or  less 
abundantly,  by  raosfc  of  the  usual  fixative.s.  But  some 
kinds  of  them  seem  to  be  attacked  by  organic  acids ;  so 
that  it  is  well  to  reduce  tlie  proportion  of  these  in  mixtures. 
Thus  Benda  for  this  purpose  makes  up  Flemming's  strong- 
mixture  witli  only  three  to  six  drops  of  acetic  acid  to  15  c.c. 
of  the  chromic,  and  4  c.c.  of  the  osmic.  Meves  {Ennjcl. 
mih.  Techn.,  1910,  i,  p.  476)  takes  15  c.c.  of  chromic  acid  of 
0'5  to  1  per  cent.,  containing  1  per  cent,  of  sodium  chloride, 
with  3  to  4  c.c.  of  osmic  acid  of  2  per  cent.,  and  three  to  four 
drops  of  acetic  acid.  Similai-ly,  Duesberg  [Arch.  Zellfursch., 
iv,  1910,  p.  605).  Ohampy.  {Arch.  d'Anat.  Mic,  xiii,  1911, 
p.  55)  takes  7  parts  of  bicliroTuate  of  potash  of  3  per  cent., 
7  of  chromic  acid  of  1  per  cent.,  and  4  of  osmic  acid  of  2 
per  cent.  Or  iodide  of  sodium  15  grms.  ;  water  800  grms.  ; 
formol  200  grms.  ;  iodide  of  mercury  to  saturation.  Or 
simply  formol.  Some  workers  take  Altmann's  osmic  acid  and 
bichromate,  §43;  so  Meves,  Arch.  mile.  Anat.,  Ixxvi,  1911, 
p.  683. 

Eegaud  [Arch.  Aimt.  mic,  xi,  1910,  fasc.  2  and  3)  fixes 
either  in  100  parts  of  3  per  cent,  bichromate  of  potash  with 
20  of  formol  and  5  of  acetic  acid;  or  80  parts  of  the  bi- 
chromate to  20  of  formol  without  acetic  acid ;  or  in  20  parts 
saturated  aqueous  picric  acid  with  5  of  formol ;  or  in  formol 
of  10  per  cent.  ;    and  in  cilher  case  mordants  for  one  to 
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rum-  weeks  in  l)ielii'oiiiMte  of  8  per  eeiiL.,  iiiitl  sLii,iiis  in 
iron  liseniatoxylin. 

.  Mitocliondria  are  frequently  found  stained  by  many  of 
the  current  stains,  iron  liasniatoxylin  in  particular  sometimes 
staining  them  with  a  sharpness  that  is  not  attained  by  any 
other  method.  These  results  are  more  or  less  accidental 
and  sporadic:  but  it  is  claimed  for  Benda's  alizarin  method 
that  it  gives  a  certain  and  s^Decific  stain  of  them,  enabling 
them  to  be  distinguished  from  other  morphologically  similar 
formations. 

Bunda's  Alizarin  Method  {Eryebnisse  der  Anat.,  \\\,  1902 
(1903),  p.  752,  and  other  places)  is  as  follows: — Harden  for 
eight  days  in  strong-  liquid  of  Flemming  (the  acetic  acid 
therein  being  reduced  to  three  drops).  Wash  for  an  hour 
in  water  and  put  for  twenty-four  hours  into  a  mixture  of  equal 
parts  of  pyroligneous  acid  and  1  per  cent,  chromic  acid,thenfor 
twenty-four  hours  into  bichromate  of  potash  of  2  per  cent., 
wash  for  twenty-four  hours  and  imbed  in  paraffin.  Sections 
on  the  slide  are  mordanted  for  twenty-four  hours  with  4  per 
cent,  solution  of  ferric  alum  or  diluted  liq^.  ferri  sulfur, 
oxydat.,  then  rinsed  with  water  and  put  for  twenty-four 
hours  into  an  amber-yellow  aqueous  solution  of  Kahlbaum's 
sulfalizarinate  of  soda,  prepared  by  dropping  1  c.c.  of 
saturated  alcoholic  solution  thereof  into  80  to  100  c.c.  of 
water.  Rinse  in  water,  flood  the  slides  with  the  solution  of 
crystal  violet  §  330,  diluted  with  an  equal  vol.  of  water,  and 
warm  till  vapour  is  given  off.  Rinse,  differentiate  one  or 
two  minutes  in  80  per  cent,  acetic  acid  (till  the  nuclei  come 
out  reddish),  wash  in  running  water  for  five  to  ten  minutes, 
dry  with  blotting  paper,  dip  into  absolute  alcohol,  pass 
through  bergamot  oil  into  xylol  and  balsam.  Mitodiondria 
violet,  chromatin  and  "  archoplasm "  brown-red,  certain 
secretion  granules  pale  violet,  centrosomes  red  violet. 

Instead  of  the  staining  solution  prescribed  above  (which 
may  be  kept  in  stock)  you  may  take  {Encycl.,  ii,  p.  198)  a 
freshly  i>re2>nred  mixture  of  equal  parts  of  anilin  water  and 
saturated  alcoholic  solution  of  crystal  violet — and  this  is  to 
be  preferred. 

Prenaut  {Journ.  de  VAnat.  ct  Phys.,  xlvi,  1910,  p.  217)  finds  that 
iiietliylen  or  toluidin  blue,  or  otlier  haaic  dyes,  may  be  used  instead  of 
the  ciystal  violet. 
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See  also  Home  uiocliIieation8  Ity  Kt)LSTiOR,  pulh.  Aiud.,  li,  1!)11, 

\).  20!),  eoiiHiHtiiij,'  in  fixation  and  mordanting  in  certiiiu  cliroine  aluiii 
and  elii-omiiim  fluoride  mixtures. 

DuESUEiiG  (loc.  cit.  ante)  has  found  that  the  treatment  with  tlio 
clirojnic  and  pyroligneous  aeid  and  Licliromate  miiy  Ijo  Buppreased — 
witli  advantage. 

SziiTS  employs  the  ahuuinium-alizariu  wtain  given  §  335,  in  lieu  of 
the  irou-alizariu  for  Beuda's  process. 

SoiiKj  workers  (so  Meves)  prefer  to  harden  as  Bknda,  but 
to  stain  witli  iron  hsematoxylin  instead  of  by  the  alizaviu 
process;  tlie  special  hardening  rendering  the  ha?niatoxy]in 
stain  sufficiently  specific.  Thus  also  Djngler^  Arch.  ZelL- 
forsch.,  iv,  1910,  p.  073. 

Arnold  {ibid.,  viii,  1912,  p.  256)  stains  first  with  iron 
h£Bmatoxylin,  differentiates,  stains  for  twenty  to  thirty  min- 
utes with  saturated  aqueous  solution  of  tliionin,  passes  up 
to  absolute  alcohol,  stains  for  two  minutes  with  Orange  G. 
dissolved  in  clove  oil,  and  passes  through  xylol  into  balsam. 
Chromatin  blue,  chondriosomes  black. 

Pensa  {ibid.  p.  612)  has  studied  the  mitochondi-ia  and  chloroplasts  m 
plant  cells  by  Ramon  y  Oajal's  silver  method  for  neurofibrils,  applied 
to  sections  of  fresh  tissues  (a  few  minutes  to  an  hour  in  silver  of  1  to 
2  per  cent.,  reduction  for  ten  minutes  to  an  hour  in  a  hydroquinon 
bath). 

Renaut  {Comiites  reiifZ.,  clii,  1011,  p.  536)  demonstrates  mitochondria 
in  fresh  cartilage  cells  by  mounting  sections  in  a  mixture  of  artificial 
serum  and  saturated  aqueous  solution  of  methyl  violet  5  B. 


CHAPTER  XXVll. 


TEGUMJiiNTAliY  ORGANS. 

654.  Epithelium. — Both  for  surface  views  and  for  sections 
good  results  are  obtained  hy  the  nitrate  of  silver  method,  the 
vietliylen  hhie  method,  tlio  perchlnride  of  iron  and  2^yrocjallul 
method  of  the  Hoggans,  §  375,  the  osmic  acid  and  jiyrogallol 
process,  §  374,  and  by  iroii-hieivatoxylin. 

Tor  the  purpose  of  separating  the  epidermis  from  the 
corium,  Loewy  {Arch.  mik.  Anut.,  xxxvii,  1891,  p.  159) 
recommends  macerating  for  twenty -four  to  forty-eight  hours, 
at  a  temperature  of  about  40°  0.,  in  6  per  cent,  pyroligneous 
acid.  Acetic  acid  of  i  per  cent.  (Philippson)  is  also  good. 
MiNOT  [Avier.  Nat.,  xx,  18S6,  p.  575)  macerates  embryos  for 
several  days  in  0"6  per  cent,  salt  solution,  Mitkophanow  [Zeit. 
wiss.  Mile,  V,  1888,  p.  573)  for  a  quarter  of  an  hour  in  3  per 
cent,  nitric  acid,  then  1  hour  in  one-third  alcohol,  and,  if 
need  be,  24  in  stronger  alcohol. 

Mayer  {Lotos,  2,  xii,  1892)  exposes  the  cornea  or  membrana 
nictitans  of  Rana,  Bufo,  and  Mus  for  half  a  minute  to  the 
vapour  of  acetic  acid,  and  then  puts  it  into  0'5  per  cent,  salt 
solution. 

For  ciliated  epithelium  see  the  methods  of  Engelmann 
under  "  Mollusca." 

655.  Intercellular  Bridges  (and  Canals),  Prickle  Cells.— See 
Ide,  in  La  CelMe,  iv,  1888,  p.  409,  and  v,  1889,  p.  321  ;  also 
KoLossow,  Arch.  mik.  Anat.,  Hi,  1898,  p.  1.  KoLOSsow  used 
an  osmic-acid- tannin  stain,  §  374. 

See  also  Flemming,  Anat.  Hefte,  1  Abth,  vi,  1895,  p.  1. 

Besides  maceration,  impregnation  ma,y  be  useful  ;  Mitko- 
PHANOW  {Arch.  Anat.  Phys.,  Fhys.  Abth.,  1884,  p.  191)  has 
used  gold  chloride. 
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Unna  (^Mo'iuUfiseJir.  'prukt.  De/na.,  xxxvii,  1  iJOl],  j).  I)  lias 
(.lesci'ibed  ii  liiglily  coiiipliuatod  procoss  with  Wasserbliiu  and 
ui'ccin,  SCO  Zdt.  'iviss.  Mik.,  xxi,  1904^  p.  68. 

656.  Plasma-fibrils  of  Epithelium. — Khomayee's  process 
(••l  v(7/.  mik.  Anat.,  xxxix,  1892,  p.  141)  is  as  follows  :  Sections 
arc  stained  for  live  iniiiiites  in  a  mixture  of  equal  volumes 
of  aiiiliu  water  (§  286)  and  concentrated  aqueous  solution 
of  methyl  violet  6  JJ.  They  are  well  washed  in  water  and 
treated  with  solution  ol:  iodine  in  iodide  of  potassium  until 
they  become  blue-black  (one  to  thirty  seconds).  They  are 
iig-ain  washed  with  water,  dried  with  blotting-paper,  and 
treated  wiili  a  mixture  of  1  vol.  of  anilin  to  2  vols,  of  xylol 
until  sufficiently  differentiated,  when  they  are  brought  into 
pure  xylol.  Very  thin  sections  will  require  more  xylol  in 
proportion  to  the  anilin,  viz.  1  :  3  or  1  :  4 ;  thicker  ones  may 
require  more  anilin,  viz.  3  :  5  or  3  :  3.  Gentian  or  Krystall- 
violett  will  do  instead  of  methyl  violet,  but  not  quite  so  well. 
See  also  Ehrmann  and  Jadassohn,  Arch.  Dermatol,  u.  SijpMlis, 
1892,  1,  p.  303  ;  Zelt.  lotss.  Mik.,  ix,  1893,  p.  356  ;  Herx- 
HBiMEii,  Arch.  mil.  Anat.,  liii,  1899,  p.  510  ;  and  Eosenstadt, 
ihid.,  Ixxv,  1910,  p.  659  (takes  the  differentiating  mixture 
much  weaker  in  anilin). 

Unna  {Monatsschr.  prakt.  Derm.,  xix,  1894,  p.  1  and  p. 
277,  et  seq.  ■  Zeit.  loiss.  Mik.,  xii,  1,  1895,  pp.  61,  63)  has 
o'iven  a  whole  series  of  methods,  from  which  the  following 
are  some  extracts. 

(1)  Wasseeblau-Orcein. — Stain  sections  for  ten  minutes 
in  a  neutral  aqueous  1  per  cent,  solution  of  Wasserblau,  rinse 
and  stain  for  five  or  ten  minutes  in  a  neutral  alcoholic  1  per 
cent,  solution  of  Griibler's  orcein.  Dehydrate,  clear,  and 
mount  in  balsam.    This  may  be  varied  as  follows  : 

(a)  Ten  minutes  in  the  Wasserblau  and  thirty  minutes  or 
more  in  the  orcein. 

(6)  Take  for  the  second  stain  an  acid  solution  of  orcein. 

(c)  Stain  for  only  one  minute  in  the  Wasserblau,  but  for 
thirty  or  more  in  the  neutral  orcein. 

(2)  Stain  for  half  an  hour  or  more  in  a  strong  solution  of 
hiemalum,  rinse,  stain  for  half  a  minute  in  a  saturated  aqueous 
solution  of  picric  acid,  and  dehydrate  for  thirty  seconds  in 
alcohol  containing  0'5  per  cent,  of  picric  acid. 
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(3)  Hctinialum  for  two  hours,  neutral  orcein  as  ahovo  for 
ten  to  tvventy  minutes. 

More  recently  Unna  advocates  the  process  mentioned 
last  §. 

See  alse  Ranvier,  Arch.  Anat.  Mihr.,  iii,  1899,  p.  1. 

657.  Keratohyalin. — The  keratohyalin  granules  of  the  cells 
of  the  stratuvi  granulomm  are  soluble  in  mineral  acids,  and 
can  be  digested  in  pepsin.  They  can  be  stained  with  picro- 
carmine,  alum  hsematoxylin,  van  Gieson's  mixture,  or  Unna's 
Wasserblau-orcein,  last  §.  Fick  {Centralb.  allg.  Path.,  xiii, 
1902,  p.  987 ;  Zeit.  wiss.  Mih.,  xx,  ]  903,  p.  222)  stains  sections 
of  alcohol  material  for  three  to  four  minutes  in  concentrated 
aqueous  solution  of  Kresylechtuiolett,  differentiates  in  alcohol, 
clears  in  xylol,  and  mounts  in  balsam. 

See  also  Unna,  Monatsschr.  praht.  Derm.,  xx,  1895,  p.  69  ;  the  article 
"Haut"  in  the  Encych  mih.  Technilc. ;  and  Unna  and  Golodetz, 
Monatsschr.  praM.  Derm.,  xlix,  1909,  i3.  95  ;  Laffont,  Bibl.  Anat.,  1909, 
p.  209. 

For  Tnchohyalin,  see  Gavazzeni,  Monatsschr. pr aid.  Derm., xlvii,  1908, 
p.  229. 

658.  Eleidin. — To  demonstrate  the  stratum  granvlostom  and 
the  eleidin  granules  Ranvibr  {Arch.  Anat.  Micr.,  iii,  1899, 
p.  1)  hardens  with  alcohol,  stains  with  picro-carmine,  and 
treats  with  lime-water.  The  cells  swell  and  show  up  the 
granules,  which  do  not  change.  See  loc.  cit.,  other  methods 
for  the  study  of  skin. 

Buzzi  (see  Encycl.  mile.  Technilc.,  article  "  Haut  ")  stains 
sections  for  a  few  minutes  in  a  watchglassful  of  water  with 
2  to  3  drops  of  1  per  cent.  Congo  red.  Similarly  Weiden- 
RKiCH,  Arch.  mik.  Anat.,  Ivii,  1901,  p.  583.  Other  authors 
recommend  nigrosin,  or  Wasserblau,  or  orcein. 

See  also  Joseph,  "  Dermatohist.  Technik,"  Berlin,  1905, 
and  Dreuw,  Med.  Klinilc,  Berlin,  1907,  Nos.  27  and  28. 

For  Cholesterin  see  Golodetz  and  Unna,  Monatsschr.  'pral:t. 
Verm.,  xlvii,  1908,  p.  1. 

659.  Horn,  Hair,  and  Nails — The  elements  of  hairs  and  nails 
may  be  isolated  by  prolonged  maceration  in  40  per  cent, 
potash  solution,  or  by  heating  with  concentrated  sulphuric 
acid.    See  also  von  Nathusids,  Zool.  Anz.,  xv,  1892,  p.  395. 
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Homy  tissues  stain  well  in  safranin  or  gentian  violet 
(RuiNicio,  Arch.f.  wile.  Anat.,  xxx,  1887,  p.  183  ;  Ernst,  ibid., 
xlvii,  1896,  p.  669  ;  Rabl,  ibid.,  xlviii,  1896,  p.  489). 

Unna  {op.  cit.  last  §,  p.  598)  stains  the  ty rosin-bearing 
keratin  in  sections  oE  skin  for  a  few  seconds  or  minutes  in 
a  mixture  of  5  parts  of  MiUon's  reagent,  5  of  water, 
and  1  of  glycerin,  treats  shortly  with  nitric  acid  of  25  per 
cent.,  and  mounts  in  balsam. 

660.  Skin-nerves  and  Nerve-endings.— Impregnate  with  gold 
chloride.     See  Chap.  XVIT,  especially  §  365. 

661  Tactile  Corpuscles.— See  §§  364-366.— Gold  methods 
are  indicated.  See  also  Ranvier,  Traite,  p.  919  ;  Langer- 
HANS,  Arch.  vvik.  Anat.,  1873,  p.  730  ;  Kultschizky,  lUd., 
1881.,  p.  358;  and  Smirnow,  Intern.  Monatsschr.  f.  Anat., 
etc  'x  1893,  p.  241,  who  recommends,  besides  the  gold 
method  of  Lowit,  the  rapid  bichromate  of  silver  method  of 

Grolgi. 

662  Corpuscles  of  Herbst  and  Corpuscles  of  Grandry.— Dogiel 
(Arch.  Anat.  u.  Entwiclcel,  1891,  p.  182)  has  used  the  methylen 
blue  method.  Four  per  cent,  solution  of  methylen  blue, 
warmed  to  40°  C,  is  injected  into  blood-vessels  of  the  heads 
of  ducks  or  geese;  pieces  of  skin  are  removed  from  the 
beaks,  sectioned  in  pith,  and  the  sections  brought  on  to  slide, 
and  moistened  with  aqueous  or  vitreous  humour  from  the 
animal  and  left  for  ten  to  thirty  minutes  exposed  to  the  air, 
then  brought  into  picrate  of  ammonia,  and  treated  as 
described  §  343.  Geberg  {Intern.  Monatsschr.  Anat  ^, 
1893  p  205)  made  use  of  a  method  of  Arnst. in,  according 
to  wii?h  pieces  of  skin  are  put  for  twenty-four  hours  into 
lime-wate  ,  the  horny  layer  removed,  the  pieces  treated  foi 
five  minutes  with  0-25  per  cent,  gold  chloride,  -duced  in 
water  and  the  precipitate  that  forms  on  them  removed 
by  pittLg  into  0-25 'per  cent,  cyanide  of  potassium  and 

'^'nowxk  {Anat.  An.,  xxxvi,  1910,  p.  217)  takes  U.na's 
Orce?n  wasserblan  mixture  (Wasserblau  O.D.,  P-*; 

tltic  acid  5,  glycerin  ^0.  alcohol  50    w  e^O^ 
adds  to  it  1  part  more  of  orcein.     io  lU  c.c. 
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at  the  moment  of  using  10  c.c.  of  1  per  cent,  solution  of 
eosin  in  alcohol  of  80  per  cent,  and  '6  c.c.  of  1  per  cent, 
solution  of  hydroqninon.  Stain  for  five  to  ten  minutes, 
rinse,  stain  for  ten  minutes  in  1  per  cent,  aqueous  solution 
of  safranin,  wash,  treat  for  thirty  minutes  with  0"5  per  cent, 
solution  of  bichromate  of  potash,  dehydi-ate  and  mount. 

Similarly  DoGiEr,,  Folia  Neurohiol.  iv,  1910,  p.  218  (also 
employing  Bielschowsky's  neurofibril  method). 

663.  Corpuscles  of  Meissner  and  of  Krause  (Cornea  and  Con- 
junctiva).— DoGiEL  {Arch.  f.  mik.  Anat.,  xxxvii,  1891,23.  602, 
and  xliv,  1894,  p.  15)  employs  the  methylen  blue  method  j 
for  details  see  previous  editions. 

See  also  Lonqworth's  methods.  Arch.  mil;.  Anat.,  1875, 
p.  G55. 

664.  Similar  Objects. — Papillaa  roliatee  of  the  Rabbit,  Hermann, 
see  Zi  it.  wiss.  Mile,  v,  1888,  p.  524 ;  Abnstein,  ibid.,  xiii,  1897,  p.  240. 
Olfaetive  Organs  of  Vertebrates,  Dogiel,  Arch.  mile.  Anat.,  1887,  p. 
74.  Organs  of  a  "  Sixth  Sense ''  in  Amphibia,  Mitbophanow, 
Zeit.  wiss.  Mile,  v,  1888,  p.  513  (details  as  to  staining  with  "  Wasserblau," 
for  wliich  see  also  Biol.  Centmlb.,  vii,  1887,  p.  175).  Uerve-endings 
in  Tongue  of  Frog,  Fajeestain,  Arch,  cle  Zool.  exper.  et  gen.,  vii,  1889, 
p.  705.  Tongue  of  Rabbit,  voN  Lenhossek,  Zeit.  wiss.  Mile,  xi,  1894, 
p.  .377  (Ramon  j  Cajal's  double  G-olgi -method). 

665.  Cornea. — There  are  three  cliief  methods — the  methylen 
bluQ,  the  silver,  and  the  gold  method. 

For  the  methylen  bine  melhod  see  particularly  §  345, 

Negative  images  of  the  corneal  cells  are  easily  obtained  by 
the  dry  silver  method  (Klein).  The  conjunctival  epithelium 
should  be  removed  by  brushing  from  a  living  cornea,  and  the 
corneal  surface  well  rubbed  with  a  piece  of  lunar  caustic. 
After  half  an  hour  the  cornea  may  be  detached  and  examined 
in  distilled  water. 

In  order  to  obtain  positive  images  of  the  fixed  cells  the 
simplest  plan  (Hanvikr)  is  to  macerate  a  cornea  that  has 
been  prepared  as  above  for  two  or  three  days  in  distilled 
water.     There  takes  place  a  secondary  impregnation. 

The  same  result  may  be  obtained  by  cauterising  the  cornea 
of  a  living  animal  as  above,  but  allowing  it  to  remain  on  the 
living  animal  for  two  or  three  days  before  dissecting  it  out. 
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or  by  treating  a  negatively  impregnated  cornea  with  weak 
salt  solution  or  weak  solution  of  hydrochloric  acid  (His). 

But  the  best  positive  images  are  those  furnished  by  gold 
chloride.  Ranvier  prefers  his  lemon-juice  method.  It  is 
important  that  the  cornea  should  not  remain  too  long  in  the 
gold  solution,  or  the  nerves  alone  will  be  well  impregnated. 

Zawaesin  {Arch.  mik.  Anat.,  Ixxiv,  1909,  p.  116)  removes 
the  membrane  of  Descemet  for  study  in  the  following  manner. 
A  cornea,  fixed  in  sublimate,  is  dissected  out  and  put  for 
some  hours  into  a  mixture  of  alcohol  and  ether.  Then 
collodion  of  4  per  cent,  is  poured  on  to  the  inner  surface, 
and  after  some  time  a  layer  of  collodion  with  the  membrane 
attached  can  be  peeled  off,  and  the  collodion  removed  from 
the  tissue  by  a  mixture  of  alcohol  and  ether. 

See  also  Rollett,  in  Strieker's  Handh.,  pp.  1102,  1115,  or 
previous  editions  •  TAitTUFURi,  Anat.  Anz.,  v,  1890,  p.  524,  or 
previous  editions  ■  CiACCio,  Arch.  ital.  Biol,  m,  p.  75  ;  and 
Renadt,  C.  R.  Acad.  8c.,  1880,  p.  137. 

666.  Crystalline.— Gebhardt  [Zeit.  wiss.  Mih.,  xiii,  1896, 
p.  306)  hardens  the  lens  for  one  or  two  days  in  4  to  10  per 
cent,  formalin;  it  is  then  easily  dissociated  with  needles  into 
its  fibvos 

\K&i/[Zeit.  wiss.  Zool,  Ixv,  1898,  p.  272)  fixes  the 
enucleated  eye  for  half  an  hour  in  his  platinum  chloride  or 
picro-sublimate,  §§  75  and  70,  divides  it  at  the  equator,  and 
puts  the  anterior  half  back  for  twenty-four  hours  into  the 

fixative.  •       -j   «  c.(i 

For  Maceration  you  may  use  sulphuric  acid,  641. 
See  also  Robinski,  Zur  Kenntniss  d.  Avgenlinse,  Berlin, 

1883. 
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MUSCLK  AND  TENDON  (nEUVE-ENDJNGS) . 

Striated  Muscle. 

667.  Muscle-cells. — For  these  and  allied  subjects  see,  inter 
alia,  BehrknSj  Kossel,  und  Schieffeedecker,  Das  Mihrosho-p, 
etc.,  vol.  ii,  pp.  154 — 161 ;  and  Schafek,  Proc.  Roy.  Soc, 
xlix,  1891,  p.  280. 

Iron  htematoxylin  gives  very  fine  images  of  striped  muscle,- 
and  so  does  Mallory's  pliosplio-tungstic. 

For  dissociation  methods  see  §§  527,  536,  537,  544. 

To  isolate  the  sarcolemma  Solgee  {Zeit.  wiss.  Mile ,  vi,  1889, 
p.  189)  teases  fresh  muscle  in  saturated  solution  of  ammonium 
carbonate. 

668.  Nerve-endings— the  Methylen  Blue  Method.— For  BiedDe- 

mann's  procedure  for  the  muscles  of  Astacus  see  §  342  (see 
also  Zeit.  witis.  Mil.,  vi,  1889,  p.  65).  After  impregnating  as 
there  directed  the  carapace  should  be  opened,  and  the  muscles 
exposed  to  the  air  in  a  roomy  moist  chamber  for  from  two  to 
six  hours. 

For  Hydrophiliis  picexis,  Biedeemann  proceeded  by  inject- 
ing 0-5  c.c.  of  methylen  blue  solution  between  the  ultimate 
and  penultimate  abdominal  rings,  in  the  ventral  furrow,  and 
keeping  the  animals  alive  in  water  for  three  to  four  hours, 
then  opened  the  thorax  by  two  lateral  incisions,  and  removed 
the  muscles  of  the  first  pair  of  legs  and  exposed  them  to  the 
air  for  three  or  four  hours  in  a  moist  chamber,  and  finally 
examined  in  salt  solution. 

Gerlacu  {Sitzh.  Akad.  Wiss.  Miinchen,  1889,  ii,  p.  125) 
injected  frogs,  either  through  the  abdominal  vein  or  through 
the  aorta,  with  4  to  5  c.c.  of  a  1  :  400  solution  in  1  per  cent. 

22 
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salt  solution,  and  examined  pieces  of.  muscle  in  serum  of  the 
animal,  afterwards  fixing  with  picrato  of  ammonia  and 
mounting  in  glycerin  jelly. 

The  procedure  of  Dooiel  has  been  given,  §  342. 

669.  Nerve-endings -the  Gold  Method.— Fischer  {Arck.  mile. 
Anat.,  1876,  p.  365)  used  the  method  of  LowiT. 

BiEDEiiMANN  (last  section)  recommends  for  Astacus  a 
similar  procedure,  the  preliminary  treatment  with  formic  acid 
being  omitted,  and  the  muscles  being  put  for  a  couple  of  days 
into  glycerin  after  reduction  in  the  acid. 

Eanvieb  {Traite,  p.  813)  finds  that  for  the  study  of  the 
motor  terminations  of  Vertebrates  the  best  method  is  his 
lemon-juice  process  (§  366). 

See  also  the  methods  of  Ai-athy,  §§  368,  371. 

670  Nerve-endings— the  Silver  Method.— Ran viJ5ii  employs 
it  as  follows  {ihid.,  p.  810)  :  Portions  of  muscle  (gastro- 
cnemius of  frog)  having  been  very  carefully  teased  out  m 
fresh  serum,  are  treated  for  ten  or  twenty  seconds  with  nitrate 
of  silver  solution  of  2  to  3  per  1000,  and  exposed  to  bright 
light  (direct  sunlight  is  best)  in  distilled  water.  As  soon 
as  they  have  become  black  or  brown  they  are  brought  into  1 
per  cent,  acetic  acid,  where  ihey  remain  until  they  have 
swelled  up  to  their  normal  dimensions.  They  are  then  ex- 
amined in  a  mixture  of  equal  parts  of  glycerin  and  water. 

This  process  gives  negative  images,  the  muscular  substance 
being  stained  brown,  and  the  nervous  arborescence  unstained. 
The  gold  process  gives  positive  images,  the  nervous  structures 
being  stained  dark  violet. 

671  Nerve-endings-the  Bichromate  of  Silver  Method.--The 
rapid  method  of  Golgi  has  been  used  by  Ramon  y  Ca.ta,. 
for  the  terminations  of  nerves  and  trachea,  in  the  muscles 
of  insects.  See  Zeit.  ™.  Mik.,  vii,  1890,  p.  or  fourth 
ed^ition.  A  modification  is  used  by  WoNDERiiR,  Arch.  vnlc. 
Anat.,  Ixxi,  1908,  p.  523. 

672.  Mnscle-spindles.-See  Oiumbaris,  Arcl..  mik  Anat., 
Ixxv,  1910,  p.  692.     Principally  intra  vitam  methylen  blue, 
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by  injection  through  the  internal  carotid.  For  eLn-stic 
fibres,  Weigert's  resorcin-fuchsin,  followed  by  1  per  cent, 
orcein  acidified  with  HCl. 

Electric  Organs. 

673,  Electric  Organs, — Ranvieb  {Traite,  Chap,  xviii),  finds 
that  osniic  acid  is  the  only  reagent  that  will  fix  properly  the 
terminal  arborisations  on  the  lamellaa.  He  injects  a  little 
2  per  cent,  solution  under  the  surface  of  the  organ,  removes 
a  small  portion  of  it  after  a  few  minutes,  and  puts  it  into  a 
quantity  of  the  same  solution  for  twenty-four  hours.  The 
electric  plates  may  then  be  teased  out  and  examined  in 
water,  and  will  show  the  stag's  horn  ramifications;  and  the 
dissepiments  between  the  columns  will  show  the  bouquets  of 
Wagner.  The  terminal  arborescence  may  be  impregnated 
with  silver.  A  portion  of  the  surface  of  the  organ  is 
rubbed  with  lunar  caustic  until  it  appears  opaque,  then 
removed  and  the  plates  teased  out  in  water.  This  gives 
negative  images. 

Or,  electric  plates,  isolated  by  teasing  after  twenty-four 
hours  in  osmic  acid  as  above,  and  kept  for  some  days  in 
one-third  alcohol,  are  washed  and  placed  on  a  slide  with 
their  ventral  surface  uppermost.  They  are  then  treated  with 
a  few  drojjs  of  O'S  per  cent,  solution  of  chloride  of  gold 
and  potassium,  and  those  which  become  violet  are  washed 
and  mounted  in  glycerin.     This  gives  positive  images. 

These  may  also  be  obtained  by  putting  material  fixed  by 
osmic  acid  into  2  per  cent,  solution  of  bichromate  of 
ammonia  for  a  few  weeks,  then  teasing,  staining  with  alum 
hasmafcoxylin,  and  mounting  in  damar. 

Torpedo.— Ballowitz  {Arch.  mile.  Anat.,  xlii,  1893,  p.  460) 
gets  the  best  results  by  tlic  rapid  Golgi  impregnation. 

An  electric  column,  with  about  -|  to  1  cm.  of  tissue 
round  it,  is  dissected  out,  and  put  for  tliree  to  four  days 
into  the  osmium  bichromate  mixture;  then  for  one  to  three 
days  into  f  per  cent,  .silver,  cut  without  imbedding  and 
mounted  in  xylol  balsam.  Impregnates  all  the  important 
elements.  See  further,  on  the  whole  subject,  Ballowitz, 
JUncycl.mih.  Teclm.,  1910,  p.  298. 

Cavalie  [Bibl.  Anat.,  xiii,  1904,  p.  214)  takes  material 
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fixed  witli  osuiic  acid  o£  2  per  cent,  and  impregnates  it  with 
gold  hy  the  method  o!  Nauiab,  and  mounts  in  glycerin. 

Raja.— IwANZOi'F  {Ball.  Soc.  Nat.  Moncou,  ix,  1895,  p.  74) 
fixes  the  organ  in  the  tail  of  Raja  with  liquid  of  Flemming, 
stains  with  hsemaoalcium   and   eosin,  and  makes  paraffin 

sections.  ^  ,.  t 

BALLOwm  {Anat.  Hefte,  1  Abth.,  vii,  1897,  p.  285)  finds 
the  method  of  Golgi  excellent  for  this  organ.  He  also  makes 
sections  after  fixing  in  saturated  solution  of  sublimate  (m 
sea-water),  or  in  liquid  of  Fleuiming,  and  exammes  them  m 
water.    Methylen-blue  may  be  used,  intra  vitavi.    Gold  is 

^'"Gymnotus.— Ballowitz  {Encyol.  mik.  Technilc,  p.  303)  fixes 
with  Flemming,  and  makes  sections.  He  also  connnends 
impregnation  with  gold  chloride,  but  not  the  Golgi  method. 

Malapterurus.-BALLOwrrz  (*«2.,  p.  202)  fixes  with  picro- 
sublimate,  with  Flemming,  or  with  various  mixtures  of 
bichromate,  sublimate,  and  formol,  and  uses  gold  chloride 
and  Golgi  impregnations.  He  macerates  m  liquid  ot  MuUer 
or  saturated  aqueous  solution  of  picric  acid. 


Tendon. 


674  Tendons.-lteEKKK  (C.  B.  8oc.  Biol,  x,  1898,  p.  580) 
fixes  in  equal  parts  of  saturated  solutions  of  sublimate  and 
picric  acid,  puts  for  1  to  3  days  into  saturated  picric  acid 
wTth  2  to  3  per  cent,  of  sodium  chloride,  to  remove  the 
mucin,  and  imbeds  in  paraffin. 

674a  TIniou  of  Muscle  and  Tendon.-For  this  see  Rettereh 
f  t  ;mevke  C  B.  Soc.  Biol,  1911,  No.  12  (orcem  for 
hour  foHowed  by  ivon  ha3matoxylin)  ;  and  ScHU.rzE 
TveTXs^ned.  Ge.  Wur^r^rg,  1911,  p.  33)  (treats  for  a 
iay  or  two  with  a  mixture  of  equal  parts  of  2  per  cent, 
bichromate  of  potash  and  alcohol,  in  the  dark,  then  or 
rdays  with  0-5  per  cent,  solution  of  ha^matoxyhn  m  alcohol 
of  70  per  oent.,then  with  Van  Gieson's  picro-saiirefuchsm). 

675,  Corpuscles  of  Golgi  (Eanvi.k,  Tradte  V-  929) --Take 
the  tendon  of  the  anterior  and  superior  insertion  of  the 
grmirmuscles  of  the  rabbit.    Treat  it  by  the  formic  acid 
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and  gold  method  (§  365),  and  aftei"  rednction  scrape  with  a 
scalpel,  in  order  to  remove  the  muscle-fibres  that  mask  the 
musculo-tendinous  organs. 

Marchi's  methods  for  the  tendons  of  the  motores  bulbi 
oculi  {Archivin  far  le  Bcienze  Mediche,  vol.  v,  No.  15). — The 
enucleated  eyes,  together  with  their  muscles,  were  put  for 
not  less  than  three  days  into  2  per  cent,  bichromate  of 
potash.  The  muscles  and  tendons  were  then  carefully 
dissected  out,  stained  with  gold  chloride  and  osmic  acid 
(GoLGi's  method),  and  by  the  method  oE  Manpredi,  §  3G8. 
Mount  in  glycerin.  The  methods  only  succeed  completely 
dliring  fine,  sunny  weather. 

EuFFTNT  {Atti  B.  Ace.  Lincei  Roma  Bend.  [5],  i,  1892, 
p.  442)  recommends  the  method  of  Fischer. 

CiACCio  {Mem.  B.  Acc.  8ci.  Bologna  [4],  t.  x,  1890,  p.  301) 
pnts  tendons  of  Amphibia  into  O'l  per  cent,  hydrochloric 
acid  or  0'2  per  cent,  acetic  acid  until  transparent ;  then  for 
five  minutes  into  a  mixtui'e  of  0"1  per  cent,  gold  chloi'ide 
and  0*1  per  cent,  potassium  chloride;  then  back  into  the 
acetic  acid,  for  a  day  in  the  dark,  and  for  two  or  three 
hours  more  in  the  sunlight.  When  they  have  become 
somewhat  violet  they  are  put  for  a  day  into  0*1  per  cent, 
osmic  acid,  and  finally  mounted  in  glycerin  acidulated  with 
0'5  per  cent,  of  acetic  or  formic  acid. 

DoQiEL  ^(Arch.  mile.  Anat.,  Ixvii,  1906,  p  638)  stretches 
tendons  of  eye-muscles  on  cardboard  with  hedgehog  spines, 
puts  for  4  or  5  days  into  niti-ate  of  silver  of  1  to  2  per  cent., 
reduces  for  a  day  in  pyrogallic  acid  with  formol,  and  imbeds 
in  celloidin. 

SmootJi,  Muscle. 

676.  Tests  for  Smooth  Muscle. — Picro-saurefuchsin,  §  299, 
stains  muscle  yellow,  connective  tissue  red. 

Picro-nigrosin,  §  325,  stains  muscle  yellowish,  connective 
tissue  blue. 

Unna  {EncycJ.  mile.  Technih.,  article  "  Kollagen  ")  stains 
for  twenty-four  hours  in  orcein  1  pai't,  Wasserblau  0-25, 
alcohol  60,  glycerin  10,  water  30,  which  gives  muscle  in  a 
mixed  tone,  collagen  blue,  elastin  reddish.  See  also  a  com- 
plicated process  with  methylen  blue  in  Monatssch.  prald. 
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Dermatol,   xix,   1894,   p.   533,   and  anotliev  with  orcein, 
liasmatein,  siiuvefuchsin  and  picvic  acid. 

Rettebek  (0.  B,.  Soc.  Biol,  1887,  p.  645)  fixes  in  10  vols, 
of  alcohol  with  one  of  formic  acid,  washes  well  and  stains  in 
alum  carmine.    Muscle  red,  connective  tissue  unstained. 

677.  General  Structure. — Werner  {Hist.  d.  glatten  Mtiscu- 
latvr,  Dorpat,  1894,  p.  22)  fixes  sti-etched  intestine  or  bladder 
in  Flemming,  washes  well  and  stains  in  Heidenhain's  chrome 
hasmatoxylin,  §  265.  For  demonstrating  intercellular  spaces, 
fresh  intestine  is  put  for  24  hours  into  oil,  at  37°  C,  then  for 
12  hours  into  Flemming,  and  for  4  to  6  into  chromo- acetic 
acid. 

678.  Isolation  of  Fibres.— Gage's  methods,  see  §§  527,  544, 
and  536.  ■ 

MoDius,  muscle  of  Cardium,  see  §  535. 

Ballowitz,  muscle  of  Cephalopoda,  see  Arch.  mile.  Anal, 
xxxix,  1892,  p.  291. 

ScHULTZ  {Arch.  Anat.  Phys.,  Phys.  Ahth..,  1895-6,  p.  521) 
puts  muscle  of  Vertebrates  for  twenty-four  hours  into  10 
per  cent,  nitric  acid,  rinses  with  water,  and  brings  pieces 
for  six  to  eight  days  (in  the  dark  at  first)  into  a  mixture  of 
equal  pa.rts  of  -jV  per  cent,  osmic  acid  and  |  per  cent,  acetic 
acid,  teases  and  mounts  in  glycerin. 

For  smooth  muscle  of  Vermes,  see  Ai-atiit,  Zeit  f.  viss. 
Mile,  X,  1893,  pp.  36,  319,  and  §  538,  ante. 

679.  Iris.— DoGiEi.  [Arch.  mile.  Anal,  1886,  p.  403)  puts 
the  anterior  half  of  an  enucleated  eye  for  some  days  into  a 
mixture  of  two  parts  one-third  alcohol  and  one  part  0-5  per 
cent,  acetic  acid.  The  iris  can  then  be  isolated,  and  split 
from  the  edge  into  an  interior  and  posterior  plate,  and  these 
stained  according  to  the  usual  methods. 

See  also  Koganei,  Arch.  mil.  Anat.,  1885,  p.  1  ;  Canfiklp, 
ihid.,  1886,  p.  121  ;  and  Dostoiewsky,  ihid.,  p.  91. 

680.  Bladder  of  Frog,  Innervation  of  (Woi-fp,  Arch.  f.  nnl: 
Anat.,  1881,  p.  362).— A  frog  is  killed  and  a  solution  of  gold 
chloride  of  1  :  20,000  injected  into  the  bladder  through  the 
anus.     (If  the  injection  flows  out  on  removal  of  the  syringe. 
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tie  the  frog's  tliighs  together.)  Now  open  the  frog,  lig.ature 
the  intestine  above  the  bladder,  and  cut  away  the  abdomen 
so  as  to  have  in  one  piece  bladder,  rectum  and  hind  legs. 
Put  this  into  gold  solution  of  1  :  2000  for  four  hours  ;  the 
bladder  is  then  excised,  slit  open,  and  pinned  (with  hedge- 
hog spines)  on  to  a  cork  (outside  downwards).  Place  it 
under  running  water  until  all  the  epithelium  is  washed  away. 
Use  a  camel's-hair  brush  if  necessary.  Put  for  twenty-four 
hours  into  gold  solution  of  1  :  6000.  Wash  in  pure  water, 
and  put  away  in  the  dark  ''for  some  time''  in  acidulated 
watei',  and  finally  reduce  in  fresh  water  in  daylight. 

Ranvier  {Traits,  p.  854)  recommends  his  two  gold  pro- 
cesses, the  liquids  being  injected  as  above. 

Gkunstein  {Arch.  mile.  Anut.,  1899,  p.  1)  injects  1  per 
cent,  methylen  blue  in  normal  salt  solution  through  the  vena 
ahdoviinalis,  and  after  twenty  to  thirty  minutes  excises  the 
bladder  and  exposes  to  the  air.  Fix  the  stain  with  picrate 
of  ammonia  and  mount  in  glycerin  with  the  same  (§  e343). 


CHAPTER  XXIX. 


OONNEOTIVE  TISSUES. 

CovvccUva  Tissue. 

681.  General  Stains  for  Connective  Tissue.— Connective  tissue, 
clastic  tissue,  and  sinootli  iiuiscle  ai-c  all  normally  acido- 
philous.  Collagen,  the  distinctive  element  of  connective 
tissue,  absolutely  requires  "acid"  dyes  for  the  production 
of  a  permanent  stain,  whilst  elastic  tissue  and  muscle  will 
also  fix  ''basic"  dyes.  Collagen  has  a  special  affinity  for 
Siiurefuchsin  and  Wasserblau.  Elastin  has  a  strong  affinity 
for  acid  orcein,  whilst  muscle  has  no  special  affinity  for 
either,  but  stains  energetically  with  picric  acid. 

PicrO'Sdnrefiiclimi  is  much  used  and  very  convenient  as  a 
general  differentiating  stain,  but  not  to  be  recommended  for 
cytological  detail.  See  Schafper,  ZeU.  inss.  Zool.,  Ixxx, 
1905,  p.  176. 

E.  and  T.  Savini  recommend  Benda's  picro-saurefuchsin, 
§  299. 

EnuLTCH-BiONDi  mixture  gives  connective  tissue  red,  but 
smooth  muscle  redder  still. 

Unna's  Wusserllau-orcein  for  distinguishing  connective 
tissue  and  muscle  has  been  given,  §  676.  It  works  after  all 
fixatives.  Stain  long,  and  dehydrate  preferably  with  acid 
alcohol . 

Free  HORN  {Amer.  Mon.  Mic.  Journ.,  1888,  p.  231)  recom- 
mends (for  sections)  incro-nigrosin,  made  by  mixing  5  c  c.  of 
1  per  cent,  aqueous  solution  of  nigrosin,  with  45  c.c.  of 
aqueous  solution  of  picric  acid.  Stain  for  three  to  five 
minutes,  wasli  with  water,  and  mount  in  balsam.  Connective 
tissue  blue,  nuclei  blackish,  the  rest  yellowish. 

Eamon  y  Cajal's  2ncro-ind'i go-carmine  gives  connective- 
tissue  fibres  dark  blue,  with  red  nuclei. 

S.  Mayrr  {8ihh.  h.  Alca.l.   Wiss.,  Ixxxv,  1882,  p.  69) 
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recommencls  fov  staining/»T.v//,  tissue  Violet  B,  §  S'-iO.  Elastic 
fibi-es  and  smooth  muscle  also  stain,  but  of  different  tints. 

DuBKEUiL  {0.  B.  Afio.  Anat.,  vi  Sess.,  1904,  p.  62)  uses  a 
mixture  of  23  vols.  1  per  cent,  picric  acid  and  2  vols. 
1  per  cent,  metliyl  blue — with  a  foregoing  stain  with 
carnialum  or  safranin. 

For  Ranviek's  method  of  artificial  oedemata  for  the  study 
of  areolar  tissue,  see  his  Traiti',  p.  329. 

682.  Unna's  Orcein  Method. — {Encycl.  mil:.  Techn.,  1910, 
p.  250).  Sections  are  stained  for  ten  minutes  in  Grublor's 
polychrome  methylen  blue.  They  are  then  washed  with 
water,  mopped  up,  and  brought  for  fifteen  minutes  into  a 
neutral  1  per  cent,  solution  of  orcein  in  absolute  alcohol, 
rinsed  in  pure  alcohol,  cleared  in  bergamot  oil,  and  mounted. 
Collagenous  ground-substance  dark  red,  muscle  bluish, 
elastic  fibi^es  sometimes  dark  red.  Material  may  be  fixed  in 
almost  any  way  except  with  nitric  or  picric  acid,  formol,  or 
liquids  of  Miiller  and  Hermann. 

683.  Unna's  Methylen- blue  +  Saurefuchsin  (Unna,  in  Encycl. 
mik.  Technih,  1910,  p.  247).  Stain  for  2-5  minutes  in  poly- 
chrome methylen  blue  solution  (Griibler).  Wash  and  stain 
for  10-15  minutes  in  "  (O'o  per  cent.)  Saurefuchsin  +  (33  per 
cent.)  tannin-mixture  (Grubler)."  Water,  alcohol,  essence, 
balsam,  dollagen,  protoplasm,  and  muscle  red,  nuclei  and 
keratin  blue.  On  Flemming  material,  elastin  blue.  Liquids 
of  Hermann  and  Erlicki,  formol  and  copper  fixatives 
incompatible. 

684.  Unna's  Safranin  +  Wasserblau  [ibid.).  Ten  minutes 
in  1  per  cent,  safranin.  Wash.  Ten  to  15  minutes  in  {"  1  per 
cent.)  Wasserblau  +  (33  percent.)  tannin  mixture."  Wash. 
Stains  in  opposite  colours  to  the  last.  Formol  and  liquid  of 
Hermann  contra-indicated  for  fixing. 

685.  Flemming's  Orange  Method  iis  said  to  give  a  very  sharp 
differentiation  of  devehipintj  fibrils. 

686.  Mallory  (Zcit.  wiss.  Mile,  xviii,  1901,  p.  175)  stains  sections  of 
sublimate  or  Zenker  material  for  a  few  minutes  in  Saiivefiiclisin  of  O'l 
per  cent.,  mordants  for  a  few  minutes  in  1  per  cent,  phospliomolybdic 
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acid  and  stains  for  2  to  '20  minutes  in  anilin  Una  O  S  grms.,  Orange  G.  2, 
oxalic  acid  2,  and  water  100.  His  phospliotungstic  liaimatoxylin  stiiinH 
connective  tissue  sharply,  but  does  not  differentiate  it  sufficiently  fi-oni 
elastic  tissue  and  nniscle. 

687.  For  the  complicated  procedure  of  Hoenowski  see  ihid.,  xxvi, 
1909,  p.  138. 

688.  For  Dblamare's  mixture  of  orcein,  haimatoxylin,  Siiurefuchsin 
and  picric  acid  see  Verh.  Anat.  Gcs.,  xix,  1905,  p.  227. 

689.  Masson  (C.  B.  Soc.  Biol,  Ixx,  1911,  p.  573),  stains  first  in 
hajmalum,  then  in  eosin,  and  then  for  a  few  minutes  in  1  per  cent,  solu- 
tion of  saffron  in  tap  water  (made  l.y  l)oiling).  Connective  tissue,  hone, 
and  ca.rtilage,  yellow. 

690.  Benecke's  stain  for  fibrils  {Verh.  Anat.  Gcs.,  vii,  1893, 
p.  165)  is  essentially  that  of  Kiiomayer,  §  056. 

691.  Bielschowsky's  Silvku  Method  {fosl,  under  'Neuro- 
fibrils') has  been  used  for  connective-tissue  fibrils.  Snkssarkw 
'(Avat.  Am.,  xxxvi,  1910,  p.  401)  employs  it  as  follows  : 
Tissue  is  hardened  in  neutral  formol  and  sectioned  with  a 
freezing  microtome.  The  sections  are  put  for  at  least  4  days 
into  iron  alum  of  2-5  to  10  per  cent.,  changed  daily.  They 
are  then  silvered  for  36  to  48  hours  in  nitrate  of  silver  of  10 
per  cent.,  then  treated  with  the  oxide  bath  and  reduced  m 
formol  of  20  per  cent.  Collagen  fibres  grey,  but  fine  con- 
nective networks  black,  nerve  fibres  unstained  or  only  weakly 

stained.  „ 

See  also  Maresch,  Zeii.  wiss.  Mih.,  xxiii,  1906,  p.  ^ob ; 
Studnicka,  ihid.,  p.  416;  Zimmermann,  ihid.,  xxv,  1908, 
p  10:  Lev.,  Momi.  zool.  Ital,  1908,  p.  290;  Heinrich, 
Arch.  Mih.  Anat.,  Ixxiv,  1909,  p.  786  (dentine)  :  Insabato, 
Arch.  Ital.  Anat.  Eml.,  viii,  1909,  p.  375  (silvers  riemnnng 
material)  ;  Athanas.u  and  DRAGoru,  C.  B.  Acnd  8r<  cii 
1910,  p.  551  (Eamon  y  Cajal's  silver  process,  with  alcohol 
fixation). 

Mastic  Tissue. 

692  Elastic  Tissue,  Generalities.-Elastic  fibres  have  a  great 
affinity  for  osmium,  staining  with  much  more  rapidity  than 
most  other  tissue  elements.     They   are  not   changed  by 
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causfcic  soda  ov  potash.  They  are  normnlly  acidophilous,  but 
are  easily  rendered  artificially  basopliilous  by  means  of 
chromic  acid  or  other  mordants,  and  then  stain  with  great 
energy  with  basic  dyes.  Hence  a  group  of  stains  of  which 
those  of  Lnstgarten  and  Martinotti  are  types.  They  have  a 
natural  affinity  for  orcein,  whence  stains  of  tlie  Taenzer- 
Unna  type. 

For  a  review  of  the  older  methods  of  Balzer,  Unna, 
LusTGARTEN,  and  Herxhuimer,  see  the  paper  by  G.  Martinotti, 
in  Zeit.  wiss.  Mih.,  iv,  1887,  p.  31  ;  also  Enrycl.  mih.  Tec.hnik., 
art.  "Elastin." 

693.  Victoria  Blue  (Ldstgaktkn).    See  §  289. 

694.  Safranin  (G.  iMartinotti,  loc  cit.,  §  692). — Fix  in  a 
chromic  liquid,  wash,  stain  for  forty-eight  hours  in  strong 
(5  per  cent.  Pfitzner's)  solution  of  safranin,  wash,  dehydrate, 
clear,  and  mount  in  balsam.     Elastic  fibres  black. 

Tbe  staining  will  be  performed  quicker  if  it  lie  done  at  the  temperature 
of  an  incubating  stove  (Griesbach,  ibid.,  iv,  1887,  p.  442).  See  also 
Ferria  (ibid..,  V,  1888,  p.  342). 

See  also  Mibelli,  Mon.  Zool.  Ituliano,  1,  p.  17,  or  Zeit.  wiss.  Mile,  vii, 
1890,  p.  225  (the  report  in  Journ.  Boy.  Mic.  Soc,  1890,  p.  803,  is 
vitiated  by  a  misprint).    Other  basic  dyes  have  lieen  recommended. 

695.  Kresofuchsin  (Rothig,  see  §  289). 

696.  Orcein. — This  method  is  due  to  Taenzek,  and  as 
modified  by  Unna  is  known  as  the  Taenzer-Unna  method, 
see  third  edition,  or  Monatssch.  pralct.  Dermatol.,  xii,  1891, 
p.  394. 

Unna's  Modified  Orcein  Method  {Monatssch.  ah t.  Dermatol., 
xi.x,  J 894,  p.  397;  Zeit.  iriss.  Mile,  xii,  1895,  p.  240).— 
Griibler's  orcein  1  part,  hydrochloric  acid  1  part,  absolute 
alcohol  100  parts.  Stain  sections  for  thirty  to  sixty 
minutes,  or  for  ten  to  fifteen  at  30°  C,  rinse  in  alcohol,  clear, 
and  mount.     Elastin  dark  brown,  collagen  light  brown. 

See  n\mMerh.8iLz.  Alcrid.  Wiss.  lFze7(.,cviii,1899,p.  335;  PRANTER,?7j?f7., 
xix,  1903,  p.  3()1  (he  takes  2  per  cent,  of  nitric  acid  instead  of  the  liydro- 
cliloric,  and  stains  six  to  twenty -four  hours);  WoLPr,  ibid...  p.  488;  the 
article  "Elastin"  in  Eiicycl.  mih.  Tcchnih.;  nnd  E.  and  T.  Savini,  Zeit. 
iviss.  Mih.,  xxvi,  1909,  p.  34. 
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697.  Wktgrrt's  Resorcin-Fuchsin  Method  {Gerdralh.  allg. 
Path.,  \x,  1898,  p.  290).— 1  por  cent,  of  basic  fuclisin  and  2 
per  cent.'  of  resorcin  (or  of  cavboUc  acid)  are  dissolved  in 
water.  200  c.c.  of  the  solution  arc  raised  to  boiling-point 
in  a  capsule,  and  25  c.c.  of  Liquor  ferri  sesquichlorati  P.  (i. 
arc  added,  and  the  whole  is  boiled,  with  stirring,  for  two  to 
five  minutes  more.  A  precipitate  is  formed.  After  cooling 
the  liquid  is  filtered,  and  the  precipitate  which  remains  on 
the  filter  is  brought  back  into  the  capsule,  and  there  lioiled 
with  200  c.c.  of  94  por  cent,  alcohol.  Allow  to  cool,  filter, 
make  up  the  filtrate  to  200  c.c.  with  alcohol,  and  add  4  c.c. 
of  hydrochloric  acid. 

Woi.FRUM  {Zeit.  Mile,  XXV,  1908,  p.  219)  adds  10  to 

15  per  cent,  of  acetone  to  the  mixture. 

Stain  sections  (of  material  fixed  in  any  way)  for  twenty 
minutes  to  an  hour,  wash  with  alcohol,  clear  with  xylol  (not 
with  an  essence) .     Elastic  fibres  dark  blue  on  a  light  ground. 

MiNERViNi  {Zeit.  wiss.  Mih.,  xviii,  1901,  p.  161)  gives  a  variant  with 
Siifranin  instead  of  fnchsin-  ,  , 

See  also  Pkantbb,  Unci,  xix,  1903,  p-  361;  B.  Fischeb  Mo,,  s 
Arch  ,  clxx,  1902,  p.  285,  or  Zeit.  iviss.  Mile,  xx,  1903,  p.  40  (cbera.stry 
of  the  dyes  obtained  by  tliese  processes,  which  he  calls  Pnchselm 
"  Safranelin,"  etc.);  Hart,  Centralb.  allg.  Path.,  xix,  1908,  p.  1;  and 
OxLiMBAEis,  Arch.  mih.  Anat.,  Ixxv,  1910,  p.  708. 

698  Hsematoxylin  Methods.— Haeets  {Zeit.  wi.ss.  xviii,  1902, 
V  290)  makes  an  "  Elasthsmatein"  as  follows  :  Hoematoxyhn  0  2  gyms 
aluminium  chloride  01  grms.,  alcoliol  of  50  per  cent  100  c.c,  boil  and 
add  mercuric  oxide  0  6  grms.,  filter  and  add  1  drop  of  HCl.  Keep  tor 
some  weeks.  Stain  for  five  or  ten  minutes,  put  into  alcohol  with  1  per 
cent,  of  nitric  acid  for  one  minute,  then  pure  alcohol.  ,    ,    „  ^, 

See  also  Db  Witt,  Anat.  Rec,  i,  1897.  p.  74;  Dueeck  Arch.  P««<. 
Anat,  clxxxix,  1907,  p.  62;  Yeehoeff,  Joimi.  Amer.  Med.  Assoc.,  1908, 

"^Malloey's  phosphotungstic  hffimatoxylin  is  good,  hut  not  specific. 
699.  Other  Methods  for  Elastic  Tissue  : 

Por  the  elastic  tissue  of  the  skin  see  Passaege  and  Keosing,  Derm. 

Stud.,  xviii,  1894.  .,    ^    ,  i 

See  also  for  staining  and  dissociation  Agababow,  Arch.  mtk.  Anat.,  l, 

1897,  p.  566  e<.'!e(z.  . 

For  C.  Maetinotti's  silver  impregnation  see  Zeit.  mss.  Mile,  v,  l.»^o. 
p.  521,  or  Arch.  Ital.  Biol,  xi,  1889,  p.  257. 

ScHUMACHEE  {Arch.  mih.  Anal,  Iv,  1899.  p.  151)  has  had  good  results 
(for  tlie  spleen)  with  picro-nigrosin,  §  681. 

See  also  §  733. 
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Plasma  Gellts. 

700.  Plasma  Cells  and  "  Mastzellen  " ;  Generalities. — Pkisuia 
cells,  ol:  wliicli  "  Mastzellen  "  are  a  sub-species^  are  culls 
found  in  or  along  Avitli  connective  tissue,  and  distinguished 
by  tlieir  liypertropliied  and  very  granular  cytoplasm  and 
poorly  staining  nucleus.  The  granules  are  highly  basophi- 
lous,  much  more  so  than  the  nuclei ;  they  stain  with  special 
energy  with  basic  anilins,  and  mostly  metachromatically. 
They  do  not,  however,  stain  with  pure  methyl  green.  The 
nuclei  either  do  not  stain  at  alh  or  not  in  the  normal  way, 
except  with  pure  methyl  green. 

According  to  Unna  in  Encycl.  vtik.  Techn.,  1910,  ii, 
p.  411,  material  should  be  fixed  in  chemically  pure  absolute 
alcohol  and  sectioned  in  celloidin.  Care  should  be  taken  to 
avoid  contamination  of  the  liquids  by  tannin ;  corks,  and 
supports  for  imbedding,  should  be  soaked  for  some  hours 
before  use  in  2  per  cent,  carbonate  of  soda. 

701.  Mastzellen  (Nokdmann,  Beitr.  z.  Keimtniss  d.  ■  Mastzellen, 
Inaugural  diss.,  Helmstedt,  1881).— A  concentrated  solution  of  vesuvin 
contaiuiug  4  to  5  per  cent,  of  hydrochloric  acid.  Stain  for  a  few  iniuutes, 
and  dehydi'ate  with  absolute  alcohol. 

702.  Plasma  Cells,  Unna's  Later  Methods  (Unna,  in  Encycl. 
mik.  Techn.4,  1910,  ii,  p.  411). 

A. — For  Large  Plasma  Cells. 

(1)  Ten  minutes  in  Griibler's  polychrome  methylen  blue 
solution,  wash  and  drain.  Fifteen  minutes  in  1  per  cent, 
orcein  solution  (Grriibler),  loithout  acid;  absolute  alcohol,  so 
long  as  methylen  blue  comes  away  abundantly  ;  bergamot 
oil,  balsam. 

(2)  Methylen  blue  as  above,  2  minutes.  Wash  well. 
Then  two  minutes  in  glycerin-ether  mixture*  (Griibler) 
diluted  with  4  volumes  of  water.  Wash  thoroughly  (2  to  5 
minutes)  ;  absolute  alcohol,  bergamot  oil,  balsam. 

(3)  Modification  of  a  method  of  Pappenheim  {Virchoiv's 

*  Glycerin  ether  CiHioOa,  is  a  glycerin  anhydride.  It  is  a  differen- 
tiating agent  for  basic  dyes.  The  glycerin-ether  mixture  in  question 
contains  alcohol  and  glycerin,  and  can  be  obtained  from  Griibler. 
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Arch.,  c]x\v,  1901,  p.  111).  Ten  minutes  in  the  warm,  20°  to 
40°  C,  in  Gviiblev's  carbol-pyronin-metliyl-greoii  mixture. 
Cool  rapidly,  by  plunging  the  recipient  containing  the  tissues 
into  cold  water.  Remove  the  tissues  witli  a  platinum  wire 
and  rinse.    Absolute  alcohol,  bergamot  oil,  balsam. 

Strovkni  {Zdt.  tviss.  Mile,  xxix,  1913,  p.  302)  takes  acridin  red  instead 
of  the  pyroiiiu.    This  will  work  after  various  fixatives. 

B. — Fur  small  Plasma  Cells. 

(4)  As  No.  2,  sitpra,  but  only  half  a  minute  in  the  glycerin- 
uther. 

(5)  After  removal  of  the  celloidin  from  the  sections  with 
alcohol  and  ether,  five  minutes  in  polychrome  methylen  blue, 
wash,  dry  with  blotting-paper,  dehydrate  (about  a  minute) 
in  a  mixture  of  2  parts  alcohol  to  3  of  xylol,  then  one 
minute  in  xylol ;  then  5  to  10  minutes  in  alum-anilin  (pre- 
pared by  allowing  anilin  oil  to  stand  over  a  layer  of  powdered 
alum  a  couple  of  fingers  deep)  ;  xylol,  balsam. 

(6)  As  No.  3,  sit'pra,  after  a  foregoing  stain  of  two  minutes 
in  polychrome  methylen  blue. 

See  also  EuuucJi  in  Virchuw's  Arch.,  clxxv,  1904,  p.  198. 

703.  EiiRi.icii's  Original  Method  for  Mastzellen  {Arch.  mile. 
AnaL,  xii,  1876,  p.  263).— Stain,  for  at  least  twelve  hours 
in — 

Absolute  alcohol  .         .    .  •      50  c  c. 

Water    .  .  •  .100  c.c. 

Acid.  acet.  glacial  .  •       12|-  c.c. 

—to  which  has  been  added  enough  dahlia  to  give  an  almost 
saturated  solution.  Wash  out  with  alcohol,  and  mount  in 
resinified  turpentine. 

See  also  Schieffeedbgker  and  Kossbl's  Gewehelchre,  p.  329. 

704.  Mastzellen,  [Jnna's  Latest  Methods  {Enci/cl.  viik.  Tcchn., 
1910,  ii,  p.  72).— (1)  Stain  three  hours  to  overnight  in  poly- 
chrome methylen  blue  with  a  knife-pointful  of  alum  to  a 
watcb-glass  of  the  stain,  rinse;  alcohol,  oil,  balsam.  (2) 
Stain  in  polychrome  methylen  blue  quarter  of  an  hour,  rmse, 
then  ten  minutes  in  glycerin-ether,  §  702,  wash  thoroughly, 
alcohol,  oil,  balsam. 
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These  methods  g'wo  a  specific  mefcachroinatic  stain  of  Mast- 
zelleu  on  a  light  ground.  See  also  lor.  cit.,  two  other  methods 
demonstrating  plasma  cells  at  the  same  time. 

705.  Other  Methods  for  Plasma  Cells  and  Mastzellen.— See, 
■inter  alios  (iu  previous  editions)  Pappenhbim,  Virchow's  Arch.,  clxvi, 
1901,  p.  427;  Beegonzini,  Anat.  Am.,  1891,  p.  596;  Schriddb,  Anat. 
Hcfte,  xxviii,  1905,  p.  698;  Maximow,  Arch.  mile.  Anat.,  Ixvii,  1906, 
p.  686  ;,ScHAFi'Ei{,  Ccntrabl.  Phys.,  xxi,  1907,  p.  261  (fixation  in  absolute 
alcohol  or  2  parts  alcohol  to  1  of  formol,  staining  for  half  an  hour  in 
methylen  blue,  thionin  or  toluidin  bine,  in  70  x^er  cent,  alcohol  with 
1  per  cent,  of  HCl) ;  Ranviee,  C.  B.  Acad.  Sci.,  1890,  p.  165  (his 
"  Clasmatocytes" :  fix  with  osiuiiini,  stain  with  aqiieous  methyl  violet  5B). 

Fat. 

706.  Fat  and  Lecithin. — According  to  Loisel  (C.  B.  Soc. 
Biol.,  Iv,  1903,  p.  703)  lecithin  is  much  less  soluble  than 
neutral  fats  in  turpentine  or  ether,  and  in  general  much 
more  stainable.  To  demonstrate  lecithin,  he  advises  as 
follows  :  After  fixation,  mordant  the  tissues  with  alum  ;  leave 
them  as  little  as  possible  in  alcohol ;  dehydrate  with  acetone, 
ethei",  or  benzin  ;  stain  with  hasmatoxylin,  gentian,  methyl 
green,  toluidin  blue,  Siiurefuchsin  or  orange  Gr,  which  stain 
lecithin  strongly,  whilst  leaving  fat  unstained. 

Deflandke  {Joiirn.  Anat.  Phys.,  1904,  p.  80)  fixes  in  formol 
of  4  per  cen^.  and  brings  into  acetone,  in  which  fat  is  dissolved, 
but  not  lecithin,  which  can  then  be  stained  by  osmium. 

See  also  Ciaccio,  Arch.  Zellforsch.,  v,  1910,  p.  235  ;  and 
Fjschleb,  Zeit.  iviss.  Mile,  xxii,  1905,  ]).  262. 

707.  Mounting  Fat. — Osmicated  fat  can  generally  be  mounted 
in  balsam  without  special  precaution.  For  delicate  fats, 
it  may  suffice  to  avoid  absolute  alcohol  and  essences  as  much 
as  possible,  and  mount  direct  in  alcohol  halsani  or  eujiaral, 
or  clear  with  cedar  oil,  which  has  little  solvent  action.  For 
very  delicate  fats  it  may  be  necessary  to  avoid  alcohol  of 
more  than  70  per  cent.,  or  avoid  it  altogether,  and  mount  in 
glycerin  or  levulose. 

708.  Eemoval  of  Fat. — Fat  can  generally  bo  dissolved  out 
by  alcohol,  ether,  or  chloroform  and  the  like.  Osmicated 
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fat  is  more  I'osiwtaiit,  but  can  be  removed  in  ii,  few  lioiirH  oi- 
days  by  means  of  oil  of  turpentine,  ether,  creosote,  xylol, 
clove  oil,  of  chloroform.  See  Plemmino  in  Zeit.  witm. 
Mikr.,  1889,  pp.  39,  178. 

709.  Stains  for  Fat. — Tlie  simplest,  and  perhaps  the  best  is 
osniic  acid.     This  stains  certain  fatty  bodies  black,  but  not  all. 

According  to  Altmann,  Starke,  and  Hanuwekck,  only  free 
oleic  acid  and  olein  are  directly  blackened  by  osinic  acid  ; 
stearin  and  palmitin,  and  stearic  and  palmitic  acid  are  oidy 
browned  by  it,  with  an  after-blackening  which  is  produced 
by  subsequent  treatment  with  alcohol.      Neither  reaction 
occurs  with  the  fatty  bodies  in  the  solid  state,   and  can 
only  be  obtained  when  they  are  either  in  a  state  of  fusion  or 
solution  (from  the  paper  of  Handwerck  in  Zeit.  iviss.  Mih., 
XV,  1898,  p.  177).    See  also  Loisel,  G.  B.,  Soc.  Biol,  1903, 
p.  826.    MuLON,  Zeit.  wiss.  Mih.,  xxii,  1905,  p.  138  ;  Golodetz, 
Ghem.  Rev.  Fett.  u  Harz- Industrie,  xvii,  1910,  p.  70  {Zeit.  wins. 
Mil-.,  xxviii,  1911,  p.  213). 
For  quinolein  Hue,  see  §  322. 

Daddi  {Arch.  Ital.  Biol.,  xxvi,  1896,  p.  143)  stains  fat  in 
tissues  by  treating  for  5  to  10  minutes  with  concentrated 
alcoholic  solution  of  Sudan  III,  washing  for  the  same  time" 
with  alcohol,  mopping  up  with  blotting  paper,  and  mounting 
in  glycerine. 

Similarly  Rieder,  see  Zeit.  loiss.  Mikr.,  xv,  1898,  p.  211. 

The  alcohol  for  making  the  stain  should  be  of  70  per 
cent.,  according  to  most  authors,  though  Sata  {Veitr.  fath. 
Anat.,  xxviii,  1900,  p.  461  ;  Zeit.  iviss.  Mih,  xviii,  1901,  p. 
67)  employs  96  per  cent.  Eosenthal  {ibid.,  xix,  p.  469  ; 
re7-h.  path.  Ges.,  September,  1899,  p.  440)  insists  that  the 
washing-out  be  done  with  alcohol  of  exactly  50  per  cent. 

MicHAELis  {  Virchow's  Arch.,  clxiv,  1901,  p.  263)  recom- 
mends Scharlach  R  (syn.  "  Fettponceau  ").  Stain  for  fifteen 
to  thirty  minutes  in  a  saturated  solution  in  70  per  cent, 
alcohol,  and  mount  in  glycerin  or  levulose. 

Other  authors  also  commend  this  stain.  Hekxheimer 
{Deutsche  med.  Wochenschr.,  xxvii,  1901,  p.  607 ;  Zeit.  u-iss. 
Mih.,  xix,  1902,  p.  66)  makes  a  solution  of  70  parts  of 
absolute  alcohol,  10  of  water,  20  of  10  per  cent,  caustic 
soda,  and  Scharlach  R  to  saturation.    This  makes  a  stronger 
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solution,  and  stains  in  a  couple  of  minutes.  Wash  out  with 
alcohol  of  70  per  cent. 

With  either  solution  the  staining  must  be  done  in  a 
covered  vessel  or  the  stain  will  precipitate. 

Similarly  Bell,  Amer.  Joimi.  Anat.,  ix,  1909,  p.  401,  and 
Anat.  Rec,  iv,  1910,  p.  199. 

HifiRXHEiMmt  also  {Gentralb.  allg.  Path.,  xiv,  1903,  p.  841 ; 
Zeit.  iviss.  Mile.,  xxi,  1904,  p.  57)  recommends  a  saturated 
solution  of  the  dye  in  a  mixture  of  equal  parts  of  acetone 
and  70  per  cent,  alcohol. 

He  also  {Deutsche  vied.  Wochenschi-.,  xxvii,  1901,  p.  607  j 
Zeit.  u-ib-s.  Mik.,  xix,  1902,  p.  67)  has  had  very  fine  results 
by  staining  for  twenty  minutes  in  a  saturated  solution  of 
Indophenol  in  70  per  cent,  alcohol. 

MoLLisoN  {Zeit.  m'.vs.  Zool.,  Ixxvii,  1904,  p.  529)  has  had 
good  results  by  staining  gelatin  sections  for  a  few  minutes 
in  strong  extract  of  Alkanna  in  96  per  cent,  alcohol,  and 
mounting  in  glycerin  or  syrup. 

LoKRAiN  Smith  {Jottrn.  Path.  Bad.,  xii,  1907,  p.  1)  finds 
that  Nile  blue  stains  fatty  acids  blue  and  neutral  fats  reddish. 

Similarly  Eisenburg  {Vircliow's  Arch.,  cxcix,  1910,  p.  502) 
who  recommends  aqueous  solution  of  Nilblau  BB, 

Benda  {ibid.,  clxi,  1900,  p.  194)  finds  that  free  fatty  acids 
can  be  detected  by  Weigert's  neuroglia  mordant.  See  also 
Berner,  ibid.,  clxxxvii,  1907,  p.  360,  and  Pischler,  Zeit.  loiss. 
Milt.,  xxii,'  1905,  p.  263. 

Okajima  {ibid.,  xxix,  1912,  p.  67)  extracts  red  capsicum 
berries  for  some  days  with  alcohol,  and  evaporates  down  to 
one  fifth.  This  stains  only  fatty  bodies  :  amongst  them, 
myelin. 

See  also  KiNGSBuftY,  Anat.  Rue,  v,  1911,  p.  313. 

Bune.* 

710.  Bone,  Non-decalcified. — Ranvieii,  {Traiie,  p.  297)  has 
the  following  : 

Bones  should  be  plunged  into  water,  without  being  allowed 
to  dry,  as  soon  as  the  surrounding  soft  parts  have  been 

*  For  a  detailed  review  of  tlie  whole  subject,  see  the  paper  of 
ScHAFFER  in  Zuit.  iviss.  Mile,  x,  1893,  p.  Idl,  or  the  article  "  Knochen 
1111(1  Zhliiie  "  in  Eiicyd.  viik.  Teclinih. 
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removed,  aiul  should  be  divided  into  lengths  with  a  saw  whilst 
wet.  The  medulla  should  then  bo  driven  out  from  the 
central  canal  by  means  of  a  jet  of  water;  spongy  bones 
should  be  treated  as  follows : 

An  epiphysis  having  been  removed,  together  with  a  small 
portion  of  the  diaphysis,  a  piece  of  caoutchouc  tubing  is 
fixed  by  a  ligature  on  to  the  cut  end  of  the  diaphysis,  and 
the  free  end  of  the  piece  of  tubing  adapted  to  a  tap  through 
which  water  flows  under  pressure;  thoy  are  then  put  to 
macerate  for  several  months,  the  liquid  being  changed  from 
time  to  time.  As  soon  as  all  the  soft  parts  are  perfectly 
destroyed,  the  bones  may  be  left  to  dry. 

Thin  sections  may  then  be  cut  with  a  saw  and  prepared  by 
rubbing  down  with  pumice-stone.  Compact  pumice-stone 
should  be  taken  and  cut  in  the. direction  of  its  fibres.  The 
surface  should  be  moistened  with  water  and  the  section  of 
bone  rubbed  down  on  it  with  the  fingers.  When  both  sides 
of  the  sections  have  been  rubbed  smooth  in  this  way,  another 
pumice-stone  may  be  taken,  the  section  placed  between  the 
two,  and  the  rubbing  continued.  As  soon  as  the  section  is 
thin  enough  to  be  abnost  transparent  it  is  polished  by 
rubbino-  with  water  (with  the  fingers)  on  a  Turkey  hone  or 
lithographic  stone.  Spongy  bone  should  be  soaked  in  gum 
and  dried  before  rubbing  down  (but  see  Von  Koch's  copal 
process,  and  Ehrenbaum's  colophonium  process). 

SCHAI-TER  {Zeit.  loiss.  Mile,  X,  1893,  p.  171)  grinds  and  polishes  on 
stones  of  graduated  fineness. 

For  the  process  of  Weil  for  Ijones  and  teeth  see  §  180. 

Rose  {Anat.  Anz.,  vii,  1892,  pp.  512-519)  follows  Koch's  process.  He 
penetrates  first  with  a  mixture  of  cedar  oil  and  xylol,  then  with  inu-e 
xylol,  and  imbeds  in  solution  of  Damar  in  chloroform  or  xylol.  The 
method  can  be  combined  with  Golgi's  impregnation. 

White  {Journ.  Boy.  Mic.  8oc.,  1891,  p.  307)  recommends 
the  following  :  Sections  of  osseous  or  dental  tissue  should 
be  cut  or  ground  down  moderately  thin,  and  soaked  in  ether 
for  twenty-four  hours  or  more.  They  should  then  be  put 
for  two  or  three  days  into  a  thin  solution  of  fuchsin  in 
collodion,  then  into  spirit  to  harden  the  collodion.  After 
this  they  are  ground  down  to  the  requisite  th.nncss  between 
two  plates  of  old  ground  glass,  with  water  and  pumice 
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powder,  and  mounted,  surface,  dnj,  in  stiff  balsam  oi"  styrax, 
cave  being  taken  to  use  as  little  heat  as  possible.  Lacunas, 
canaliculi,  and  dentinal  tubuli  are  found  infiltrated  by  tlio 
coloured  collodion. 

Matschinsky  {Arch.  mih.  Anat.,  xxxix,  1892,  p.  151,  and  xlvi,  1895, 
p.  290),  after  grinding,  impregnates  with  nitrate  of  silver. 

For  similar  method  of  Ruprbcht,  see  Zait  iviss.  Mile,  xiii,  1896,  p. 
21,  wherein  see  also  quoted  (p.  23)  a  method  of  Zimmermann. 

CsoKOR  {Vcrh.  anat.  Gas.,  1892,  p.  270)  describes  a  saw  which  will  cut 
freslL  bone  to  120 /t;  and  Arndt  (Zeit.  luiss.  Mile,  xviii,  1901,  p.  146)  a 
double  saw  which  will  also  give  very  thin  sections. 

711.  Mounting. — To  show  lacunfe  and  canaliculi  injected 
with  air,  take  a  section,  or  piece  of  very  thin  flat  bone,  quite 
dry.  Place  on  a  slide  a  small  lump  of  solid  balsam,  and 
apply  just  enough  heat  to  melt  it.  Do  the  same  with  a 
cover  glass,  place  the  bone  in  the  balsam,  cover,  and  cool 
rapidly. 

712.  Sections  of  Bones  or  Teeth  showing  the  Soft  Parts. — 

NioALEY  {A7ner.  Mon.  Mic.  Jnurn.,  1884,  jJ.  142;  Jonrn.  Boy. 
Mic.  8or.,  1885,  p.  348)  says  that  perfectly  fresh  portions  of 
bone  or  teeth  may  be  ground  with  emery  on  a  dentist's  lathe, 
and  good  sections,  with  the  soft  pai'ts  in  situ,  obtained  in 
half  an  hour. 

Hofisv^ell-Smith  (Journ.  Brit.  Dent.  Ass.,  xi,  1890,  p.  310 j 
Journ.  Boy,  Mic.  Soc,  1890,  p.  529)  says  that  for  prepainng 
sections  of  teeth  showing  odontoblasts  in  situ  the  best  plan 
is  to  take  embryonic  tissues.  A  lower  jaw  of  an  embryonic 
kitten  or  piiji  may  be  taken,  and  hardened  in  solution  of 
Miiller  followed  by  alcohol,  then  cut  with  a  freezing  micro- 
tome. 

Weil  (Zoc  cit.,  §  180)  fixes  pieces  of  fresh  teeth  in  subli- 
mate, stains  with  borax-carmine,  brings  them  through  alcohol 
into  chloroform  and  chloroform-balsam,  and  after  hardening 
this  by  heat  proceeds  to  grind  as  usual  (§  177). 

See  also  Rose,  §  710. 

For  the  study  of  the  vessels  in  teeth,  Lepkowsky  [Anat. 
Hefte,  viii,  1897,  p.  568)  injects  with  Berlin  blue,  hardens 
the  teeth  with  a  piece  of  the  jaw  for  one  or  two  days  in  50 
per  cent,  formol,  decalcifies  in  10  per  cent,  nitric  acid  (eight 
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to  fourteen  days,  change  frequently)  and  makes  celloidin 
sections. 

For  decalcification  of  teeth  see  also  §  554  (Rousseau, 
BoDECKEK  and  Fr-ETSCiiMANN).  Bodeckor  finds  Rousseau's 
process  not  applicable  to  huvian  teeth  :  the  acid  must  be 
added  to  the  fluid  celloidin. 

713.  YiVANTE  {Intern.  Monassclir.  Anat.  u.  Phys.,  ix,  1892,  p.  398) 
impregnates  portions  of  frontal  bone  of  four  to  six  months  calves,  wliicli 
are  not  more  tlum  3  to  4  mm.  thick,  hy  Golgi's  rapid  bicromatc  and 
silver  process.  After  impregnation  the  specimens  should  be  decalcified 
ill  von  Ebner's  mixture  (§  562),  well  washed  with  water,  and  brought 
into  solution  of  carbonate  of  soda,  and  finally  imbedded  in  parafiin. 
For  his  qninoleiii  blue  method  see  fourth  edition. 

For  Underwood's  gold  process  for  teeth,  and  for  that  of  Lepkowski, 
see  third  edition,  or  Anat.  Anz.,  1892,  p.  294. 

Law  (Free.  Boy.  Soc.  Med.,  i,  1908,  p.  45)  studies  nerve-endings  in 
teeth  of  mammals  by  treating  parafiin  sections  of  decalcified  tissue  with 
Bethe's  molybdenum  toluidin  blue  (details  in  Journ.  Boy.  Micr.  Soc, 
1908,  p.  518). 

714.  Bone,  Decalcified  (Flemming,  Zeit.  wiss.  mik.,  188G, 
p.  47). — Sections  of  decalcified  bone  are  soaked  in  water, 
dehydrated  with  alcohol,  under  pressure,  dried  underpressure 
and  mounted  in  hard  balsam  melted  on  the  slide.  They 
show  the  lacunar  system  injected  with  air  as  in  non-decalcified 
sections  (§711). 

715.  Stains  for  Cartilage  and  Decalcified  Bone.— See  hereon 
ScEAPFEE  in  Zeit.  iviss.  Mih.,Y,  1888,  p.  1  ;  and  Encycl.  mik. 
Technik.,  art.  "Knochen." 

KoLLiKER  {Zeit.  wiss.  Zool,  xliv,  1886,  p.  662)  treats 
sections  of  decalcified  bone  with  concentrated  acetic  acid 
until  they  become  transparent,  and  then  puts  for  one  quarter 
to  one  minute  into  a  concentrated  solution  of  indigo-carmine, 
washes  and  mounts  in  glycerin  or  balsam.  The  fibres  of 
Sharpey  appear  red,  the  remaining  bone  substance  blue. 

ScHAFiTEK  [Zeit.  iciss.  Mik.,  v,  1888,  p.  17)  employed  at 
one  time  a  safranin  method  modified  from  Bouma  [Centra Ih. 
med.  Wiss.,  1883,  p.  866),  for  which  see  previou.^  editions. 
He  now  {Encycl.  mik.  Tech.,  1910,  i,  p.  762)  stains  sections 
for  twenty-four  hours  in  a  bath  of  20  c.c.  of  water  with  one 
drop  of   1  per  cent,  solution  of  safranin  (or  thionin)  and 
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(appavoiitly)  mounts  in  balsam.  Tlio  safi-anin  stain  will  keep 
if  tlio  material  is  cartilage  which  has  been  fixed  in  picro- 
sublimate;  otherwise  it  must  be  fixed  with  ammonium 
molybdate  of  5  per  cent,  before  dehydrating. 

SoiiMOiiL  {Centralb.  allg.  Path.,  x,  1899,  p.  745)  stains  in 
a  mixture  of  2  c.c.  concentrated  solution  of  thionin  in 
alcohol  of  50  per  cent,  and  10  c.c.  of  water  for  ten  minutes, 
rinses  and  puts  into  saturated  aqueous  picric  acid  for  thirty 
to  sixty  seconds.  Rinse  and  pass  through  graded  alcohols 
into  origanum  oil  or  carbol-xylol  and  balsam.  Matrix 
yellow,  cells  red,  fat-cells  violet.  He  also  describes  a  more 
complicated  method  with  thionin  and  phospliotungstic  or 
phosphomolybdic  acid. 

Moll  {Centralb.  Physiol.,  xiii,  1899,  p.  225)  stains  embry- 
onic cartilage  for  six  to  twenty-four  hours  in  orcein  0-5  gr., 
alcohol  40,  water  20,  hydrochloric  acid  20  drops,  and  mounts  in 
balsam.    Matrix  blue,  nuclei  red. 

Kallius  {Anat.  Eefte,  xxx,  1905,  p.  9)  stains  first  with 
borax  carmine  or  alum-carmine,  then  (sections)  for  ten  minutes 
in  saturated  solution  of  thionin,  and  washes  out  with  alcohol 
of  70  per  cent.     Said  to  be  specific  for  embryonic  cartilage. 

Vastarini-Ckesi  {Alt.  Accad.  med.-chir.  Napoli,  1907,  Y).  4.) 
stains  sections  of  euibryonic  cartilage  with  borax  carmine, 
then  with  muchasmatein  (alcoholic  solution  without  acid),  and 
then  with  orange  Gr.  in  alcohol. 

Baybrl's  method  for  ossifying  cartilage  {Arch.  mile.  Anat., 
1885,  p.  35)  : — Portions  of  ossified  cartilage  are  decalcified 
as  directed  §  563,  cut  in  paraffin,  stained  in  Merkel's  carmine 
and  indigo-carmine  mixture,  and  mounted  in  balsam. 

Mayer  [Grundziige,  LEii  &  Mayer,  1910,  p.  393)  prefers  to 
all  these  resorcin  fiichsin,  §  697,  the  precipitate  being  freed 
from  iron  chloride  by  washing  before  dissolving  in  the 
alcohol. 

Aqueous  solution  of  benzoazurin  lias  been  commended  as  a  staiu  for 
ossifying  cartilage  by  Zschokkb,  see  Zcit.  wiss.  Mile,  x,  1893,  p.  381. 

A  process  of  Baumgarten's  has  been  given,  §  388. 

MOBRNEB  (Shandinavisches  Arch.  Phyaiol,  i,  1889,  p.  216  ;  Zeit.  wiss. 
Mile,  vi,  1889,  p.  508)  gives  several  stains  for  tracheal  cartilage,  chiefly 
us  microchemical  tests,  for  which  see  tldnl  edition. 

See  also  a  critique  of  these  methods  by  Wolters  in  Arch.  mile.  Anat. 
xxxvii,  1891,  p.  492 ;  and  on  the  whole  suljject  of  cartilage  see  Schief- 
ferdeckeb's  Gewehelehre,  p.  331. 
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FusAKi  {Arch.  Ital.  Biol.,  xxv,  189(5,  p.  200)  luakes  sectioiiR  of  fresli 
curtilage,  puts  them  for  twenty-four  lioiu'b  iuto  1  per  cent,  nitriite  of 
silver,  washes,  dehydrates,  and  exposes  to  the  light  in  balsam. 

See  also  DisSE,  Anat.  Avz.,  xxxv,  1900,  p.  318,  a  stain  for  dentine, 
(htenialum  followed  by  a  mixture  of  Saiirerubin  and  Orange  G) ;  and 
Retterer  and  Lelievre,  C.  B.  Soc.  Biol.,  Ixx,  1911,  p.  630. 

716.  Cartilaginous  Skeletons  of  embryos  (Van  Wuhb,  Froc.  K. 
Ahcui.  Wetensch.  Amsterdam,  1902,  p.  47)  may  be  studied  by  staining 
embryos  for  a  week  in  a  solution  of  0'25grm.  methylenblue  in  lOOc.c.of 
70  per  cent,  alcohol  with  1  per  cent,  of  hydrochloric  acid.  Wash  out 
in  alcohol  with  1  per  cent,  of  hydrochloric  acid  until  no  more  colour 
comes  away  (about  a  week)  and  mount  in  balsam.  The  cartilage 
remains  blue,  all  the  other  tis8\ies  being  colom-less. 

Similarly,  Lundtall  {Anat.  Ann.,  xxv,  1904,  p.  219,  and  xl,  1912,  p. 
639)  using  toluidin  blue. 

Similarly  also  Bakay  {Verh.  Anat.Oes.,  1902,  p.  248),  with  Bismarck 
brown  (the  embryos  having  been  previouHly  treated  with  niliic  acid  of 
3  per  cent.). 
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BLOOD    AND  GLANDS. 
Blood. 

717.  Fixing  and  Preserving  Methods-— The  school  of  Ehrlich 
used  to  fix  by  heat.  A  film  of  blood  was  spread  on  a  cover- 
glass  and  allowed  to  dry  in  the  air,  and  then  fixed  by 
passing  .the  cover  a  few  times,  three  to  ten  or  twenty, 
through  a  flame,  or  by  laying  it  face  downwards  on  a  hot 
plate  kept  for  several  minutes  or  as  much  as  two  hours  at  a 
temperature  at  which  water  not  only  boils  but  assumes  the 
spheroidal  state  (1 10°  to  150°  C).  For  details  see  Gulland, 
Scottish  Med.  Joimi.,  April,  1899,  p.  312;  Eubinstetn,  Zeit. 
wiss.  Mih.,  xiv,  1898,  p.  456  ;  Zielina,  ibid.,  p.  463.  But  I 
believe  they  have  now  well-nigh  abandoned  this  barbarous 
practice.  . 

In  ivet  methods  either  the  blood  is  mixed  at  once,  on 
being  drawn,  with  some  fixing  and  preserving  medium,  and 
studied  as  a  fluid  mount,  or  films  are  prepared  and  put  into 
a  fixing  liquid  before  they  haoe  had  lime  to  dry ;  or  after 
drying  in  the  air  without  heat  for  a  few  seconds  (at  most  10 
to  30). 

To  make  a  film,  place  a  very  small  drop  of  blood  on  a 
perfectly  clean  slide.  Bring  down  on  to  the  slide  the  edge 
of  another  slide  held  over  it  at  a  slope ;  move  this  along  till 
it  touches  the  edge  of  the  drop  and  the  blood  runs  along 
the  angle  between  the  two  slides.  Then  move  the  second 
slide  away  from  the  drop,  and  the  blood  will  follow  it  and  bo 
drawn  out  into  a  film  without  being  crushed.  Similarly  with 
two  cover-glasses,  to  make  a  cover-glass  film,  which  can  be 
floated  face  down  on  to  fixing  or  staining  liquids  in  a 
watch-glass. 
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Sointi  persons  make  lilms  by  Hiiiteniiig  blood  between 
two  cover-glasses  wliicli  are  afterwards  separated  by  sliding 
the  one  over  tlie  other;  but  that  prodnccs  an  injurious 
kneading  of  the  cellular  elements. 

Most  of  the  usual  fixing  agents  are  applicable  to  blood. 
But  it  is  often  necessary  to  employ  only  such  as  are  favour- 
able to  certain  stains.  Those  most  recommended  in  this 
respect  are  alcoholj  forniol,  sublimate  (should  not  be  too 
strong),  osmic  acid  in  very  light  fixation,  or  absolute 
methyl  alcohol,  which  is  an  energetic  fixative  of  dried  lilnis. 

Air-dried  films  ought  to  be  fixed  before  putting  into 
aqueous  or  glycerin  stains,  else  they  will  wash  off;  but  this 
is  not  necessary  for  alcoholic  stains. 

718.  Fixing  and  Preserving  in  Bulk. — Most  morpliologists  are 
agreed  that  by  far  the  most  faithful  fixing  agent  for  blood- 
cor^Duscles  is  osmic  acid.  A  drop  or  two  of  blood  (BioNui 
recommends  two  drops  exactly)  is  mixed  with  5  c.c.  of  osmic 
acid  solution,  and  allowed  to  remain  in  it  for  from  one  to 
twenty-four  hours.  As  a  rule  the  osmic  acid  should  be  strong 
— 1  to  2  per  cent.  Fixed  specimens  may  be  preserved  for 
use  in  acetate  of  potash  solution  (Max  Flesch,  Zett.  unan. 
Mile,  V,  1888,  p.  83). 

GRitiSBACH  also  {ibid.,  1890,  p.  32S)  combines  the  osmic 
acid  with  certain  stains.  He.  mentions  methyl  green,  methyl 
violet,  crystal  violet,  safranin,  eosin,  Siiurefuchsin,  rhodamin, 
and  iodine  in  potassic  iodide. 

Rossi  {ibid.,  vi,  1889,  p.  475)  advises  a  mixture  of  equal 
parts  of  1  per  cent,  osmic  acid,  water,  and  strong  solution  of 
methyl  green,  permanent  mounts  being  made  by  means  of 
glycerin  cautiously  added. 

EwALD  {Zeit.  Biol.,  xxxiv,  1897,  p.  257)  mixes  three  to 
four  drops  of  blood  of  amphibia  or  reptiles  with  10  c.c.  of  a 
solution  of  0'5  per  cent,  osmic  acid  in  0  5  per  cent,  salt 
solution  (for  mammals  0'6  to  0*7  per  cent,  salt),  siphons  off 
the  supernatant  liquid  after  twenty-four  hours  with  his  capil- 
lary siphon  (§  3,  p.  4),  and  substitutes  water,  alum-carmine, 
etc.,  and  lastly,  50  per  cent,  alcohol. 

Weidenreich  {Arch.  mile.  Anat.,  Ixxii,  J908,  p.  213)  lays 
a  cover  with  a  drop  of  blood  on  it  on  a  layer  of  agar-:igar 
(1  per  cent,  in  salt  solution  of  0'8  per  cent.)  aud  after  five 
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ininiites  runs  in  osinic  acid  of  1  per  cent.,  and  aftoi-  five 
minutes  more  removes  tlio  covor. 

Uekhuysen  {Anaf..  Anz.,  xix,  1901,  p.  586)  recommends  a 
mixture  of  either  3  or  9  vols,  of  2  per  cent,  osmic  acid  witli 
1  of  6  per  cent,  acetic  acid,  containing  |  per  cent,  of  metliylon 
blue,  which  he  calls  "  Osmacet.^' 

The  mercurial  liquids  of  Pacini  (§  414)  used  to  be  con- 
sidered good.  Hayum  {"  Du  Sang,"  etc.,  Paris,  1889;  see 
also  Zcit.  iviss.  Mile,  vi,  1889,  p.  335)  has  the  following 
fornmla  :  sublimate  0-5,  salt  1,  sulphate  of  soda  5,  and  water 
200.  This  should  be  mixed  witli  blood  in  the  proportion  of 
about  1  :  100.  Eosin  may  be  added  to  it.  Lowit's  formula 
{8itzh.  k.  Akad.  Wiss.  IVien,  xcv,  1887,  p.  144)  consists  of 
5  c.c.  cold  saturated  sublimate  solution,  5  grms.  sulphate  of 
soda,  2  grms.  salt,  and  300  c.c.  water.  Mosso  finds  that  both 
of  these  are  too  weak  in  sublimate. 

DuBoscQ  {Arch.  Zoul.  Expir.,  vi,  1899,  p.  481)  nses  (for 
blood  of  Chilopoda)  a  solution  of  acetic  acid,  copper  acetate, 
copper  chloride,  osmic  acid,  thionin,  1  grm.  each,  water  400, 
which,  mixed  with  the  blood,  fixes  and  stains  in  about  two 
minutes. 

Pormol  has  lately  been  used.  MAncANO  [Arch,  de  Med. 
Expei-.,  xi,  1899,  p.  434)  mixes  fresh  blood  with  a  mixture  of 
100  parts  of  sodium  sulphate  of  sp.  gr.  1-020  and  1  of  formol ; 
or  with  water  85  to  100  parts,"  sodium  chloride  1,  and 
formol  1. 

KizEK  [Juurn.  Roy.  Mic.  8uc.,  1900,  p.  128)  simply  mixes 
1  drop  of  blood  with  3  of  2  per  cent,  formalin,  and  allows  to 
stand  for  an  hour. 

ScHKJDDB  [Hxviat.  Techii.  Jena,  1910,  p.  17)  lets  blood  drop 
into  a  mixture  of  1  part  of  formol,  9  of  liquid  of  Muller,  and 
10  of  water,  fixes  therein  for  2  to  4  hours  at  40°  C,  filters, 
washes  and  brings  through  alcohol  and  cliloroform  into 
paraffin  for  sectioning. 

719.  Fixing  and  Preserving  in  films.— Mum  {Juurn.  of  Anat. 
and  Pliys.,  xxvi,  1892)  makes  cover-glass  films  and  drops 
them  into  saturated  sublimate  solution,  and  after  half  an  hour 
washe.s,  dehydrates,  and  passes  through  xylol  into  balsam. 

GuLLAND  {Brit.  Med.  Jouin.,  March  13th,  1897;  Scottifih 
Med.  Journ.,  April,  1899)  makes  cover-glass  films,  and  after 
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a  low  seconds  drops  tliein  face  downwards  into  a  solution 

Absolute  alcohol  saturated  with  eosin     .     2o  c.c. 
Pure  ether         .        •        •        •        •     25  „ 
Sublimate  in  absolute  alcohol  (2  grm&. 

to  10  c.c.)  5  drops. 

After  three  or  four  minutes  they  are  washed,  stained,  and 
mounted  in  balsam. 

For  JiiNNER's  fixing  and  staining  and  staining  method,  see 

next  §. 

Many  recent  authors  fix  wet  films  with  formol.  Bknaeio 
{Deut.  med.  Wochenschr.,  1895,  p.  572)  mixes  1  part  of  10  per 
cent,  formol  with  9  of  alcohol  (the  mixture  must  be  freshly 
prepared),  and  plunges  films  into  it  for  a  minute. 

Similarly  Gui.land,  with  1  part  of  formol  to  9  of  alcohol. 

Similarly  WEKMia  (see  Zeit.  wus.  Mile,  xvi,  1899,  p.  50), 
who  combines  various  stains  (methylen  blue,  eosin,  gentian, 

etc.)  with  the  formol. 

Edington  {Brit.  Med.  Jourv.,  1900,  p.  19)  exposes  films 
for  15  to  30  minutes  to  va'pour  of  formol  under  a  bell-jar. 

Scott  {Joiirn.  of  Path,  and  Bacter.,  vii,  1900,  p.  131) 
exposes  films  to  the  vapour  for  about  5  seconds  and  drops 
into  absolute  alcohol,  and  after  15  minutes  stains  and  mounts. 

A  short  exposure  (30  seconds)  to  vapour  of  osmium  has 
also  been  recommended. 

720.  Stains  for  BlooA.-Fresh  (unfixed)  blood  can  be  stained 
on  the  slide. 

ToisON  {Jovrn.  8ci.  med.  de  Lille,  fev.,  188o  ;  Zeit.  wiss. 
Mile,  1885,  p.  398)  recommends  that  it  be  mixed  with  the 
following  fluid  : 

Distilled  water     .  •  -1^"  c.c. 

Glycerin  (neutral,  3U°  Baume)      .       30  „ 

Pure  sulphate  of  sodium   .  .        8  grammes. 

Pure  chloride  of  sodium   .  ■        1  gi'amme. 

Methyl  violet  5  B  •  •        O''^^  „ 

(The  methyl  violet  is  to  be  dissolved  in  the  glycerin  with 
one  half  of  the  water  added  to  it;  the  two  salts  are  to  be 
dissolved  in  the  other  half  of  the  water,  and  the  two  solu- 
tions are  to  be  mixed  and  filtered.)  This  mixture  stains 
leucocytes  sharply,  which  facilitates  enumeration. 
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BizzozkUo  and  Tourk  (Arch.  Sci.  Medivhe,  1880,  p,  390) 
dilute  a  drop  with  normal  salt  solution  containing  a  little 
methyl  violet,  which  stains  nuclei  intensely,  cytoplasm  less 
intensely. 

Similarly  GiGLio-Tos  {Zeit.  tvins.  Mile,  1898,  p.  166), 
diluting  with  saturated  solution  of  neutral  red  in  salt 
solution,  which  stains  hajmoglobigenous  granules  in  five  to 
ten  minutes.  This  is  also  recommended  by  Ehrlich  and 
Lazarus,  see  §  309. 

Similarly  also  Ross  (Trans.  Path.  8oc.,  1907,  p.  117), 
using  polychrome  methijlen  blue. 

I;EVADm  (Journ.  Phys.  path.  Gen.,  Paris,  1901,  p.  425) 
allows  solution  of  Brillanthresylblau  in  alcohol  to  dry  on 
a  slide,  puts  a  drop  of  blood  on  the  dried  layer,  and 
covers.  Similarly  Cesahis-Demel  {Arch,  iiath.  Anat.,  1909, 
p.  92),  with  a  mixture  of  this  dye  and  Sudan  III ;  and 
Nakanishi  {Cenlralb.  BaU.,  1901,  p.  98),  Avith  methylen 
blue  BB. 

Fixed  films  may  be  treated  with  the  usual  tissue  stains, 
eosin  being  an  important  one,  as  it  stains  rose-red  all  parts 
of  blood-cells  that  contain  hfemoglobin.  Ehrlich's  acid 
h?ematoj;y]in,  with  0"5  gr.  of  eosin  dissolved  in  it,  is  a  good 
general  stain.  Or,  stain  with  htemalum,  and  then  with  eosin 
(0'5  per  cent,  in  alcohol  or  water). 

ErrlichV  triacid,  §  296,  gives  good  general  views,  and 
demonstrates  neutrophilous  granules.  His  mixture  for  eosino- 
philous  cells  has  been  given,  §  311. 

Pappenheim^s  panoptic  triacid  (on  sale  by  Griibler)  is 
Ehrlich's  ti-iacid  with  methylen  blue  in  place  of  the  methyl 
green. 

Chenzinski's  mixture,  which  is  good,  has  been  given,  §  313. 
Stain  for  six  to  twenty-four  hours  in  a  stove.  This  gives 
rise  to  precipitates.  To  avoid  them  (Willebhand,  Deutsch. 
med.  Wochenschr.,  1901,  p.  57)  you  may  make  a  mixture  of 
equal  parts  of  0'5  per  cent,  solution  of  eosin  in  70  per  cent, 
alcohol  and  saturated  solution  of  methylen  blue  in  watei', 
and  add  acetic  acid  of  1  per  cent,  drop  by  drop  till  the 
mixture  begins  to  turn  red,  and  filter  before  use.  Or 
(MiCHAELis,  ibid.,  1899,  No.  30)  make  (a)  a  mixture  of  20  parts 
1  per  cent,  aqueous  methylen  blue  with  20  of  absolute  alcohol, 
and  (b)  a  mixture  of  12  parts  1  per  cent,  aqueous  eosin  with 
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28  of  acetone,  and  for  staining  mix  equal  parts  of  these  and 
stain  for  half  a  minute  to  ten  minutes. 

Jknnjsu  {Lancet,  1899,  No.  6,  p.  370)  mixes  equal  parts  of 
1-2  to  1"25  per  cent,  water-soluble  eosin  (Grubler's)  and 
1  per  cent,  methylen  blue,  filters  after  twenty-four  hours, 
washes  the  precipitate  on  the  filter,  dries  it,  and  dissolves  it 
in  200  parts  of  absolute  methyl  alcohol  (the  solution  can  be 
had  ready  made  from  Griibler  &  Hollborn).  (Or,  simply 
mix  125  c.c.  of  0-5  per  cent,  solution  of  the  eosin  in  methyl 
alcohol  with  100  c.c.  of  0-5  per  cent,  solution  of  methylen 
blue.)  Cover-glass  films  are  floated  on  to  this,  in  which  they 
are  jived  and  stained  in  three  minutes.  Wash  off  the  stahi 
with  a  little  water  (not  under  the  tap),  dry,  and  mount  in 
balsam.  Erythrocytes  red,  all  nuclei  blue,  parasites  blue, 
but  with  unstained  nuclei. 

The  methods  of  May  and  GuilNWALU  are  closely  similar 

to  this. 

AssMANN  {Miinch.  med.  Wochenschr.,  190l),  No.  28;  '  Das 
eosinsaure  Methylenblau,"  Leip/.ig,  1908,  p.  35)  treats  fresh 
films  for  half  a  minute  to  three  minutes  in  a  Petri  dish  with 
a  few  drops  of  Jenner's  solution  (from  Griibler  &  Hollborn), 
then  pours  on  20  c.c.  oi:  distilled  water  with  five  t\rops  of 
^  per  cent,  solution  of  lithium  carbonate,  leaves  for  five 
minutes,  rinses  in  distilled  water,  dries  with  blotting  paper, 
and  mounts  in  neutral  balsam. 

The  foregoing  mixtures  give  a  stain— seemingly  due  to 
the  formation  of  an  eosinate  of  methylen  blue— in  which  the 
nuclei  of  blood-cells  are  blue  and  their  plasma  red  to  violet. 
It  was  made  out  by  Romanowsky  {St.  I'etershurger  med. 
Wochenschr ,  1891)  that  under  certain  conditions  mixtures  of 
these  two  dyes  give  a  stain  which  is  in  some  respects  the 
inverse  of  this,  blood-cells  being  stained  in  divers  hues, 
according  to  their  kinds,  and  any  protozoan  parasites  that 
may  be  present  showing  red  nuclei  and  hlue  plasma ;  which 
o-reatly  facilitates  their  detection  and  diagnosis,  ibis  re- 
action appears  to  be  due  to  the  formation  of  an  eosinate- 
not  of  methylen  blue,  but-of  Methylenazur,  ^  377.  Ihe 
method,  only  vaguely  indicated  by  Romanowsky,  has  under- 
o-one,  at  the  hands  of  Ziemann,  Zettnow,  Nocht,  lUvrm, 
MiCHAELis,  RuGE,  Maukee,  Leishman,  Gikmsa  and  others, 
numerous    modifications   which   have    culminated    m  the 
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establishment  of  a  process  woi'ked  out  by  Giemsa  as  perhaps 
the  most  trustwortliy  and  efficient  of  "  Romanowsky  "  stains. 
This  is  as  follows  : 

Giemsa's  Azur-eosin  process.  You  start  with  a  mixture  of 
eosin  with  metlnjlenazur  (instead  of  methylen  blue).  This 
mixture  is  very  troublesome  to  prepare,  and  is  best  obtained 
ready  made  from  Griibler  &  Hollborn  (their  "  G-iemsa^sche 
Loesung  f iir  Romanowsky-faerbung  "*) .  Air-dried  films 
[Detutsch.  med.  Wochenschr.,  1907,  No.  17)  are  fixed  in 
alcohol  or  in  methyl-alcohol  (two  to  three  minutes),  and  dried 
with  blotting  paper.  They  are  treated  for  ten  to  fifteen 
minutes  with  a  dilution  of  1  drop  of  the  stock  mixture  to 
1  c.c.  of  water,  washed  under  a  tap,  dried  with  blotting 
paper,  and  again  dried  in  the  air  and  mounted  in  balsam,  or 
(preferably)  preserved  unmounted.  All  reagents,  especially 
the  balsam,  must  be  strictly  free  from  acid. 

Wet  films  [ibid.,  1909,  p.  1751)  are  treated  as  follows: 
Fix  them  for  twelve  to  twenty-four  hours  in  a  mixture  of  2 
parts  saturated  aqueous  solution  of  sublimate  with  1  of 
absolute  alcohol.  Wash,  and  treat  for  five  to  ten  minutes 
with  a  mixture  of  2  parts  of  iodide  of  potassium,  100  of 
water,  and  3  of  Lugol's  solution.  Wash,  and  treat  for  ten 
minutes  with  0'5  per  cent,  solution  of  sodium  thiosulphate. 
Wash,  and  stain  as  above  (changing  the  stain  for  fresh  after 
half  an  houj-),  for  one  to  twelve  hours.  Then  pass  through 
mixtures  of  acetone  with  first  5,  then  30,  then  50  parts  per 
cent,  of  xylol  into  pure  xylol,  and  mount  in  cedar  oil.  This 
jirocess  is  applicable  to  sections. 

Or  [ibid.,  1910,  p.  2476)  a  slide  is  placed  in  a  Petri  dish 
and  covered  with  a  mixture  of  equal  farts  of  methijl-alcoliol 
and  stock  mixture.  After  half  a  minute  this  is  poured  off 
and  enough  distilled  water  poured  in  to  cover  the  slide,  and 
the  whole  is  rocked  ,  to  mix  the  two.  After  tlu'ee  to  five 
Tuinutes,  wash  in  running  water,  dry,  an<l  mount  in  cedar 
oil. 

By  any  of  those  processes  nuclei  (red)  arc  demonstrated 
not  only  in  haematozoa,  but  in  many  bacteria,  spirochastte, 
coccidia,  sarcosj^oridia,  etc. 

*  To  make  tliis  up  from  Gri'iMer's  powders,  dissolve  3  jrriiis.  of 
Aziu-  Il-eosin  and  8  decigrammes  of  Azur  II,  in  125  grms.  of  g-lycerin 
and  375  of  methyl-alcoliol. 
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Seo  also,  for  paraffin  sectionR,  Schuberg,  in  Daiit.sch.  med. 
Woclienschr.,  xxxv,  1909,  No.  48,  ov  Zei.t.  wiss.  Mile,  xxvii, 
1910,  p.  161,  who  passes  through  acetone  and  xylol  into 
balsam. 


naisam. 

The  older  Romanowsky  stains  published  by  the  authors 
mentioned  above,  as  also  Laveran's  "  Bleu  Borrel  "  seem  to 
be  superseded  by  Grieinsa's. 

Leishman's  Romanowsky  Stain  {Brit.  med.  Joiirn.,  March 
]6th  and  September  21st,  1901)  is  as  follows  :  To  a  1  per  cent, 
solution  of  Grubler's  medicinal  methylen  blue  in  water  add 
0-5  per  cent,  of  sodium  carbonate,  heat  to  05''  C.  for  twelve 
hours  and  let  stand  for  ten   days.     Then  add  an  equal 
volume  of  O'l  per  cent,  solution  of  Grubler's  Eosin  extra  B, 
let  stand  for  six  to  twelve  hours,  collect  the  resulting  pre- 
cipitate on  a  filter,  wash  it  until  the  wash  water  comes  off 
colourless,  dry  and  powder.     For  staining,  dissolve  0"  1 5  grm. 
in  100  c.c.  of  pure  methyl  alcohol.     Stain  cover-glass  films 
(air-dried)  for  five  to  ten  minutes  ;  flood  the  film  with  water 
for  one  minute,  and  examine,  or  dry   (without  heat)  and 
mount  in  xylol  balsam.     Nuclei  in  shades  of  red,  cytoplasm 
bluish,  parasites  blue  with  ruby  red  chromatin. 

Raadt  Ulnnch.  med.  WocJienschr.,  1911,  No.  27  ;  Zeit. 
tviss  Mile,  1912,  p.  236)  obtains  a  Romanowsky  stain  of 
blood  and  parasites  with  Jionner's  solution.  Fihns  fixed 
with  alcohol  and  ether  are  first  stained  for  five  to  ten 
minutes  in  solution  of  one  part  methylenblau  med.  pur.ss. 
Hoechst  0-5  part  of  lithium  carbonate  and  100  of  water, 
kept  for  at  least  three  weeks  and  diluted  with  10  vols,  ot 
water.  Rinse  with  water,  dry  with  blotting  paper,  flood 
with  Jenne.'s  solution  diluted  with  2  or  3  vols,  o  water, 
and  stain  for  five  to  ten  minutes.  Wash,  dry  with  blotting 
paper,  and  mount. 

721.  PAPPENHEIM  {Anat.  An.,  xlii,  1912,  p.  525)  recommeiads  tlie 
following  for  sections  of  hinraopoieUc  tissues,  and  also  of  kidney,  live 
Cpbysis  suprarenals,  lung,  intestinal  epithelium  and  centiul  nervous 
hypophysis      1  j^ormol-Milller,  stain  sections  for  twenty  minutes 

Ive  in  '  aqtoul  diluted  alcoliolic solution  of  Mav-Gk.nwa.o 

L  mfxtire  of  eanal  parts  of  acetone  and  absolute  alcohol,  and  mount  m 


RLOOD  AND  GLANDS. 


367 


neuti-al  lialsam.  The  result  is  not  a  Romanowsky  stain,  but  !i  pale 
methylen-blue-eosin  stain. 

See  also  Wright,  Pub.  Massachusetts  Gen.  Hasp.,  iii,  1910,  p.  1,  or 
Joimi.  B.  Micr.  Soc,  1910,  p.  783. 

Fertile  special  teclmique  of  eosinophiloiis  cells  see  Martinotti  in 
Zeit.  iviss.  Mihf.,  xxvi,  1909,  p.  4  (alpliabetical  bibliography  of  eiglit 
pages.) 

722.  Demonstration  of  Blood-plates  of  Bizzozero  (Kemp,  Studies 
from  the  Biol.  Lah.  Johns  Eophinn  Univ.,  May,  1886,  iii,  No.  6  ; 
Nature,  1886,  p.  132). — A  somewliafc  large  drop  of  blood  is 
placed  on  a  slide,  and  quickly  washed  with  a  small  stream  of 
normal  salt  solution.  The  blood-plates  ai-e  not  washed  away, 
because  they  have  the  property  of  adhering-  to  glass.  Tliey 
may  be  stained  with  solution  of  0*02  per  cent,  of  methjd 
violet  or  1  :  3000  of  gentian  violet,  in  salt  solution.  To 
make  permanent  preparations  of  them,  they  should  first  be 
fixed,  by  putting  a  drop  of  osmic  acid  solatioii  on  the  finger 
before  pricking  it. 

They  may  also  be  stained  in  films,  especially  by  the 
Romanowsky  method.  According  to  Pappenheim  ("  Farb- 
cheuiie,"  p.  107)  WiifisevhUiu  is  almost  specific  for  them. 

WEtGHT  {.Tourn.  Morph.,  xsi,  1910,  p.  274)  studies  them  in 
tissues,  after  fi.x:atiou  with  forraol  or  sublimate  (net  Zenker) 
by  staining  with  a  modified  Griemsa  stain,  and  bringing 
through  acetone  and  oil  of  turpentine  into  turj^entine 
colophonium.  Details  loc.  cit.  or  Journ,  Roy.  mic.  Soc, 
1910,  p.  78:3. 

See  aLso  Dekhuysen,  Annt.  Anz.,  xix,  1901.  p.  533; 
Kopsc II,  Jwiern.  Monatsclir.  Anat.  Phys ,  xxi,  1904,  p.  344, 
and  xxiii,  1906,  p.  359  ;  Deetjen,  Zeit.  phys.  Cliem.,  Ixiii, 
1909,  p.  1. 

723.  Weigert's  Fibrin  Stain  [Fortschr.  d.  Med.,  v,  1887, 
No.  8,  p.  228). — Sections  (alcohol  material)  are  stained  in  a 
saturated  solution  of  gentian  or  methyl  violet  in  anilin  water 
(§  286).  They  are  brought  on  to  a  slide  and  mopped  up 
with  blotting-paper,  and  a  . little  Lugol's  solution  is  poured 
on  to  them.  After  this  has  been  allowed  to  act  for  a  sufficient 
time  they  are  mopped  up  with  blotting-paper,  and  a  drop  of 
anilin  is  poured  on  to  them.  The  anilin  soon  becomes  dark, 
and  is  then  changed  for  fresh  once  or  twice.     The  anilin  is 
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then  thoroughhj  i-emovod  by  means  of  xylol,  and  a  drop  of 
balsam  and  a  cover  are  added.  This  stain  may  be  applied 
to  celloidin  sections  withont  previous  i*emoval  of  the  celloidin. 

See  also  the  modifications  of  this  method  hy  Kromayer  (§  656) ; 
Benecke  (§  690) ;  Unna  {Monaisscli.  prald.  Dcrmat,  xx,  1895,  p.  140) ; 
Wolff  {Zeit.  wiss.  Mile.,  xv,  1899,  p.  310) ;  and  one  of  another  sort  hy 
KoOKEL,  Centralb.  allg.  Path.,  x,  1899). 

Glands. 

724,  Mucin. — Hoyee  {Arch.  mih.  Anat.,  xxxvi,  1890,  p.  310) 
finds  that  the  mncin  of  mucns  cells  and  goblet  cells  stains 
with  basic  tar  colours  and  with  alum  htematoxylin,  but  not 
with  acid  tar  colours.  He  obtained  his  best  results  by  means 
of  thionin,  and  good  ones  with  toluidin  blue,  both  of  these 
giving  a  metachromatic  stain — tissues  blue,  mucin  reddish  — 
and  also  with  methylen  blue  (which  is  particularly  useful 
from  its  power  of  bringing  out  the  merest  traces  of  mucin), 
safranin,  etc. 

Tissues  should  be  fixed  for  two  to  eight  hours  in  5  per 
cent,  sublimate  solution,  and  paraffin  sections  stained  for 
five  to  fifteen  minutes  in  a  very  dilute  aqueous  solution  of  the 
dye  (two  drops  of  saturated  solution  to  5  c.c.  of  water). 

Hyaline  cartilage,  the  jelly  of  Wharton,  and  the  Mastzellen 
of  Bhrlich  give  the  same  reactions  with  basic  dyes  as  mucin 
does. 

See  also  Sdssdorf,  Deutsche.  Zeit.  Thiermed.,  xiv,  pp.  345, 
349  {Zeit.  iviss.  Mih.,  vi,  1889,  p.  205)  ;  Bizzozero,  Alti.  U. 
Accad.  di  Sci.  di  Torino,  1889  to  1892  (reports  in  Zeit.  iciss. 
Mih.,  vii,  1890,  p.  61  ;  and  ix,  1892,  p.  219)  ;  also  Unna,  ibid., 
xiii,  1896,  p.  42. 

The  safranin  reaction  is  not  obtained  with  all  brands  of 
the  dye;  that  of  Bindschedler  and  Busch,  in  Bale,  gives  it, 
whilst  safranin  0  of  Griibler  does  not.  Unna  employs  chiefly 
polychrome  methylen  blue. 

As  regards  the  thionin  stain,  sec  Haki,  Arclt.  Mih.  Anat., 
Iviii,  1901,  p.  678. 

Bruno  {Bull.  Soc.  Nat.  Nafoli,  1905,  p.  220)  fixes  and 
stains  the  slcin  of  the  frog  in  a  mixture  of  100  c.c.  of  formol 
of  1-25  per  cent,  with  8  c.c.  of  1  per  cent,  solution  of  thionin. 
Mucus  glands  red. 
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KuLTScuiZKY  {Arcli.  mik.  Anut.,  x\ix,  1897_,  p.  8)  fixes  in 
his  mixture  (§  57),  and  stains  sections  either  in  safranin  with 
2  per  cent,  acetic  acid,  or  in  a  similar  solution  of  neutral  red 
(two  to  three  da,ys,  washing  out  with  alcohol). 

Mayeb  (Mitt.  Z  ol.  Stat.  Neapel.,  xii,  1896,  p.  303,  or  last  edition)  gives 
the  following  two  formulte  for  mixtures  that  stain  exclusively  mucus. 

725.  Mayer's  Muciearmine  [op.  cit.,  last  §). — One  gramme  of  car- 
mine, and  0'5  gi-m.  of  alnminiuui  chloride  with  2  c.c.  of  distilled  water 
heated  over  a  small  flame  for  two  minutes,  and  made  up  to  100  c.c.  with 
50  per  cent,  alcohol.  This  gives  a  stock  solution,  which  is  as  a  rule  to 
he  diluted  for  use  tenfold  with  distilled  or  tap  water. 

726.  Mayer's  Muchsematein  (ibid.). — HEematein  0'2  grm.,  alu- 
minium chloride  0"1  grm,  glycerin  40  c.c,  water  60  c.c.  An  alcoholic 
solution  may  be  made  by  dissolving  in  100  c.c.  of  70  per  cent,  alcohol, 
with  or  without  the  addition  of  two  drops  of  nitric  acid. 

727.  Mucicarminic  Acid  (Rawitz,  Anat.  Anz.,  xv,  1899,  j).  439). — 
One  gramme  of  carminic  acid,  2  of  aluminium  chloride,  and  100  c.c,  of 
50  per  cent,  alcohol. 

728.  Goblet  Cells. — So  far  as  these  contain  mucin  they  give 
the  reactions  above  desci'ibed,  see  Paneth,  Arch.  mik.  Anat., 
xxxi,  1886,  p.  113  it  seq.;  List,  Hid.,  xxvii,  1886,  p.  481  ; 
and  GuYEissE,  G.  R.  Soc.  Biol,  1907,  p.  1212. 

For  intestinal  epithelium,  especially  the  cells  of  Paneth, 
see  also  Martin,  Unters.  ueh.  Oheo-fldchen  v.  Driisen epithet, 
Leipzig,  1910;  and  Kull,  Arch.  mik.  Anat.,  Ixxvii,  1911,  p. 
541  (sections  stained  with  alum  hasmatoxylin,  treated  for  20 
to  30  seconds  with  tincture  of  iodine,  stained  a  few  minutes 
with  Yictoria  blue,  then  with  eosin). 

729.  Salivary  Glands.— Solger  {Unters:  z.  Nuturlchre  d. 
Menschen,  xv,  5  and  6,  pp.  2—15  ;  Festschr.  f.  Gegenbaur, 
ii,  1896,  p.  211)  demonstrates  the  granules  in  serous  cells 
and  half-moons  of  the  submaxillary  gland  by  hardening  in 
a  10  per  cent,  solution  of  formol,  and  then  making  sections 
and  staining  with  htcmatoxylin  of  Delafield  or  of  Ehrlich, 
the  granules  taking  the  stain. 

Krause  (ylrc/(.  mik.  Anat.,  xlv,  1895  p.  94)  stains  sections 
either  with  Heidenhain's  iron  htematoxylin  or  with  Elirlich- 
Biondi  mixture  or  thionin.  See  also  Krause,  ihid.,  xlix, 
1897,  p.  709;  and  Muller,  Zeit.  wis.".  Zool.,  1898,  p.  640. 

24 
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Grand-Mouksei,  and  Tkibonuhau  (C.  li.  Soc.  Biol.,  liii, 
1901,  p.  187)  vucommeiid  for  pancreas  Nicolle's  "  tliionine 
pheiiiquee/'  which  stains  fche  insulaa  of  Langerhaiis  hardly  at 
all,  the  rest  strongly. 

730.  Gastric  Glands. — Kolster  {Zeit.  wisti.  Mile,  xii,  1895 
p.  314)  differentiates  the  two  kinds  of  cells  in  stomach 
glands  by  over-staining  with  hasniatoxylin,  washing  out  with 
alcohol  containing  1  per  cent,  of  HCl,  blueing  with  alcohol 
containing  1  per  cent,  of  ammonia,  and,  after  washing, 
staining  for  one  to  live  minutes  in  a  weak  solution  of 
Saurefuchsin.  Peptic  cells  blue,  parietal  cells  red.  Osmic 
material  cannot  be  employed. 

Cade  {Arch.  Anut.  Micr.,  iv,  1901,  p.  4)  stains  material 
fixed  with  Bouin's  pici-oformol  in  Victoria  blue  of  1  per  cent. 

R.  and  L.  Monti  {Rich.  Lab.  Anat.  Roma,  ix,  1902)  demon- 
strate ducts  and  canaliculi  of  delomorphous  cells  by  Golgi's 
bichromate  and  silver  impregnation,  esjiecially  with  reju- 
venated material  (see  Sacekdotti),  leaving  it  for  6  or  6  days 
in  half-saturated  sulphate  of  copper,  then  for  24  hours  in  the 
osmic-bichromate  mixture.  You  can  imbed  in  paraffin 
(rapidly). 

731.  Intestine. — Bensmy  {Amer.  Jowrn.  Anut.,  v,  1906  p. 
323)  stains  sections  of  glands  of  Lieberkiilm  in  a  mixture 
of  equal  parts  of  saturated  solutions  of  Orange  G  and 
Saurerubin,  and  then  with  toluidin  blue,  and  mounts  in 
balsam. 

732.  Liver. — Braus  {Denkschr.  lied.  Nat.  Gef.  Jena,  v, 
1896,  p.  307)  demonstrates  the  hile  cainllaries  by  the  rapid 
method  of  Golgj,  hardening  in  a  mixture  of  one  part  formol 
with  three  parts  liquid  of  Miiller  or  ^  per  cent,  chromic 
acid. 

Eppingek  {Beilr.  path.  Anat.,  xxxi,  1902,  p.  230)  studies 
them  by  means  of  a  complicated  modification  of  Weigert's 
neuroglia  stain,  and  CiECHANOWSKf  {Anat.  Anz.,  xxi,  1902,  p. 
426)  by  means  of  "Weigert's  myelin  stain  (the  1885  method). 

Opi'EL  {Anat.  Am.,  v,  1890,  p.  144;  vi,  1891,  p.  168)  puts 
pieces  of  liver  or  spleen  (alcohol  material)  for  twenty-four 
hours  into  a  solution  of  neutral  chromate  of  potash  (i  to 
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10  per  cent.),  then  for  twenty-four  hours  into  a  |  per  cent, 
solution  of  silver  nitrate,  washes,  dehydrates,  and  cuts 
without  imbedding.  The  lattice  fibres  are  only  stained  near 
the  surface,  so  that  tangential  sections  must  be  made. 

Similarly  Berkley,  iliid.,  1893,  p.  772,  fixing  in  picric 
acid,  then  in  an  osmium  bichromate  mixture,  and  then 
silvering. 

See  also  Ranviee,  Journ.  de  Microgr.,  ix,  x,  1885-6 ;  Igacuschi,  in 
Ai-ch.  path.  Anat.,  xcvii,  p.  142,  or  Zdt.  wiss.  Mile.,  1885,  p.  243  (gold 
process  for  study  of  fibrous  networks) ;  Kxjpfpbe,  Sitzh.  Ges.f.  Morph., 
etc.,  Miinchen,  Juli,  1889,  or  Zeit.  wiss.  Mile,  vi,  1889,  p.  506 ;  Keatjse 
{Arch.  mile.  Anat.,  xlii,  1893,  p.  57) ;  and  Timopejew,  Anat.  Anz„  xxxv 
1909,  p.  296  (sections  of  frozen  tissue  stained  with  methylen  blue). 

733.  Spleen. — For  lattice  fibres,  see  Oppel,  last  §. 
KuLTSCHiTZKY  {Arch.  mik.  Anat.,  xlvi,  1895,  p.  675)  studies 

the  vmsmlature  in  sections  (of  material  from  liquid  of 
Miiller)  stained  for  a  day  or  more  in  a  solution  of  lakmoid 
in  ether  and  mounted  in  balsam. 

For  elastic  fibres  he  puts  sections  for  half  an  hour  or  a 
day  into  a  mixture  of  800  parts  96  per  cent,  alcohol,  40  parts 
1  per  cent,  solution  of  carbonate  of  potash,  2  parts  Magdala 
red,  and  1  part  methylen  blue. 

For  the  bluod-vessels  he  puts  sections  of  Miiller  material 
for  a  few  minutes  into  a  solution  of  one  or  two  parts  of 
Saurerubiii  in  400  parts  of  3  per  cent,  acetic  acid,  washes 
out  in  2  per  cent,  acetic  acid,  and  after-stains  in  a  similar 
solution  of  helianthin  or  Wasserblau  until  the  red  only 
remains  in  the  erythrocytes. 

See  alao  Whiting  (Trans.  Roy.  Soc,  Edinburgh  xxxviii,  1896,  p.  311) ; 
ScHUMACHEE  (Arch  mile.  Anat.,  Iv,  1899,  p.  151) ;  Weideneeich  {ibid., 
Iviii,  1901,  p.  251). 

734.  Lymphatic  Glands. — For  lattice-fibres  especially,  see 
RoESSLE  &  YosHiDA,  Beitv.  imth.  Anat.,  xlv,  1909,  p.  110,  or 
Zeit.  iviss.  mik.,  xxvi,  1909,  p.  295.  Sections  stained  with 
hasmatoxylin  and  eosin,  or  Weigert's  iron  hasmatoxylin,  or 
Bielschowsky's  neurofibril  stain  as  applied  by  Maresch,  Inc. 
cit.,  §  691.  The  sections  should  not  remain  for  more  than 
15  to  30  minutes  in  the  oxide  bath. 
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See  also  for  tVie  thymus  some  very  complicated  methods  of 
Salkind,  Anat.  Anz.,  xli,  1912,  Nos.  6  and  7. 

735.  Kidney. — Saueu  [Arch.  mile.  Anat.,  xlvi,  1895,  p.  110) 
II lids  that  for  the  renal  epithelium  the  best  fixative  is  Carnoy's 
acetic  alcohol  with  chloroform  (three  to  five  hours,  washing 
out  with  absolute  alcohol).  A  mixture  of  nine  parts  alcohol 
with  one  of  nitric  acid  is  also  good,  as  is  liquid  of  Perenyi. 
He  stains  with  iron  htematoxylin,  and  after-stains  in  a  very 
weak  solution  oE  Saurerubin  in  90  per  cent,  alcohol,  which 
stains  tlie  ciliary  plateau.  He  macerates  with  iodised 
serum  or  one-third  alcohol,  staining  afterwards  with  dahlia. 

Arnold  [Anat.  Anz.,  xxi,  1902,  p.  417)  employs  intra  viiam 
staining  methods  for  the  study  of  the  granules  of  the 
epithelium  cells.  Sections  of  fresh  kidney  are  cut  with  a 
Valentin's  knife,  and  brought  into  a  very  dilute  solution  of 
neutral  red,  or  methylen  blue,  in  which  the  granules  stain  in 
a  few  minutes  or  hours.  Or  saturated  solutions  of  the  dyes, 
or  of  indigo  carmine,  may  be  injected  subcutaneously  during 
life,  at  intervals  of  fifteen  to  twenty  minutes,  and  after  two 
to  five  injections  the  organ  may  be  excised  and  sections 
made  and  examined  (see  §§  208  and  342  to  344). 
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NERVOUS  SYSTEM — GENERAL  METHODS. 

736.  Introduction.— Microscopical  research  into  the  struc- 
ture of  the  nervous  system  pursues  two  ends.  Either  it  is 
desired  to  elucidate  the  internal  organisation  of  nerve-cells 
and  nerve-fibres,  the  processes  employed  to  this  end  forming  a 
group  of  cytological  methods,  or  it  is  desired  to  study  the 
forms  of  nerve-cells,  the  distribution  of  the  divers  groups 
of  nerve-cells  in  the  grey  matter,  the  connections  that  are 
foi-med  by  means  of  nerve-fibres  between  them,  and  to  follow 
out  the  course  of  the  tracts  of  fibres  that  enter  into  the 
constitution  of  the  white  matter  of  the  cerebro-spinal  axis, 
the  processes  employed  forming  a  group  of  the  anatomical 
methods  of  neurology. 

A  large  proportion  of  the  methods  used  in  the  study  of 
nerve-tissue  in  peripheral  organs  having  already  been  des- 
cribed in  the  chapters  on  "  Methylen  Blue,"  "  Impregnation 
Methods,"  "Tegumentary  Organs,"  and  "Muscle  and 
Tendon,"  'the  following  chapters  are  chiefly  devoted  to 
methods  for  the  study  of  the  central  nervous  system. 

For  minute  details  concerning  fclie  dissection  and  hardening  of  tlie 
encepliala  of  Man  and  the  larger  Yei-tebrates  see  Meeoiee,  Les  Couprs 
du  Srjstimc  Nerveux  Central,  1894,  Paris,  Rueff) ;  Dejeeinb,  Anatomic 
dus  Centres  Nerveux,  Paris,  1895;  Bevan  Lewis,  The  Human  Brain, 
London,  Churchill ;  Obersteinee,  Anleitung  Mem  Stiulium  des  Baues 
d.  nervosen  Centralorgane  im  yesmulen  u.  Icranlcen  Zustande,  Leipzig, 
Toejilitz ;  VAN  Walsem,  Verh.  Alcad.  Wdenscte.  Amsterdam,  vii,  1899; 
BONViciNi,  Zeit.  iviss.  Mile,  xxvi,  1909,  p.  410  ;  Baton.  Die  hid.  Unter- 
smihunyensmethoden  des  Nervensystems,  Wiirzburg,  1905  ;  and  Si'lEL- 
MEYEE,  Teclinile  d.  milcro.  Untersuchung  d.  Nervensystems,  Berlin,  1911, 
and  Yenderovics,  Anat.  Am.,  xxxix,  1911,  p.  414. 

Fixation. 

737.  Fixation  by  Injection.— Fixation,  in  the  proper  sense 
of  the  word,  is,  of  course,  out  of  the  question  in  the  case  of 
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the  human  subject.  But  in  the  case  of  the  lower  animals  it 
is  possible  to  introduce  fixing  liquids  into  the  living  nerve- 
centres  by  means  of  injection,  thus  ensuring  a  much  better 
penetration  of  the  reagents  than  can  be  obtained  by  simple 
immersion. 

GoLGi  {Arch.  Ital.  de  Biologie,  t.  vii,  1886,  p.  30)  injects 
2"6  per  cent,  solution  of  bichromate  of  potash,  through  the 
carotid  if  he  wishes  to  limit  the  hardening  to  the  encephalon, 
or  through  the  aorta  if  he  desires  to  fix  the  spinal  cord. 

De  Qukrvain  [Vircliow's  Archiv,  cxxxiii,  1893,  p.  489) 
injects  solution  of  Miiller  warmed  to  body  heat.  For  dogs 
300  to  400  c.c.  are  required,  for  cats  one  third  to  one  half 
that  quantity.  After  injection  the  whole  organ  is  put  into 
solution  of  Miiller  for  some  weeks. 

(Further  details  in  foitrth  edition.) 

Mann  {Zeit.  wiss.  Mile,  xi,  1894,  p.  482)  injects  through 
the  aorta.  He  first  injects  for  about  twenty  seconds  physio- 
logical salt  solution  warmed  to  39°  C.  to  wash  out  the  capil- 
laries, then  saturated  solution  of  corrosive  sublimate,  warmed 
to  89°  C.  After  five  minutes  of  injection  the  brain  is  re- 
moved and  put  for  twelve  hours  into  the  same  sublimate 
solution,  after  which  it  is  either  put  for  pei'manent  preserva- 
tion into  0*1  per  cent,  solution  of  sublimate,  or  is  at  once 
passed  through  alcohol  for  imbedding  in  paraflBn. 

See  also  §  741  (Gerota)  and  Strong  {New  York  Acad,  of 
8ci.,  January  13th,  1896;  Anat.  Anz.,  xi,  21,  1896,  p.  655; 
Joiirn.  Comp.  Neurol,  xiii,  1903,  p.  291)  ;  and  McFarland 
{Journ.  App.  Micr.,  ii,  1899,  p.  641). 

Hardening. 

738.  Hardening  by  the  Freezing  Method.— The  ether  freezing 
method  is  to  be  preferred.  The  sections  should  be  floated 
on  to  water,  treated  for  a  minute  on  the  slide  Avith  0-25  per 
cent,  osmic  acid  solution,  and  stained  or  otherwise  treated  as 
desired.     See  §§  182  and  183. 

For  a  detailed  description  of  these  manipulations  see 
Bevan  Lewis's  The  Iluwan  Brain.  Also  Nageotte,  G.  R. 
Sac.  Biol,  Ixvii,  1909,  p.  542,  who  finds  that  if  the  tissues 
are  soaked  for  twenty-four  hours  before  cutting  in  formol  of 
.3  per  cent,  the  formation  of  ice  crystals  is  diminished. 
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739.  Hardening  by  Reagents.-If  large  pieces  of  nerve- 
tissue  are  to  be  hardened,  it  is  necessary  to  take  special 
precautions  in  order  to  prevent  them  from  becoming 
deformed  by  their  own  weight  during  the  process,  bpmal 
cord  or  small  specimens  of  any  region  of  the  encephalon  may 
be  cut  into  slices  of  a  few  millimetres'  thickness,  laid  out  on 
cotton-wool,  and  brought  on  the  wool  into  a  vessel  in  which 
they  may  have  the  hardening  liquid  poured  over  them  Ur, 
still  better,  the  preparations  may  be  suspended  in  the  liqmd, 

see  §  34.  ■,     n     i  • 

Another  plan,  which  is  good,  is  to  add  to  the  hardening 
liquid  enough  glycerin  or  salt  to  make  the  preparations 

jiost  float.  ^ 
If  the  preparations  are  placed  on  the  bottom  of  the  vessel, 
they  should  never  be  placed  one  on  another. 

If  it  be  desired  to  harden  voluminous  organs  without 
dividing  them  into  portions,  they  should  at  least  be  incised 
as  deeply  as  possible  in  the  less  important  regions.  It  is 
perhaps  better  in  general  not  to  remove  the  membranes  at 
first  (except  the  dura  mater),  as  they  serve  to  give  support 
to  the  tissues.  The  pia  mater  and  arachnoid  may  be  removed 
partially  or  entirely  later  on,  when  the  hardening  has  already 
made  some  progress.  With  material  intended  for  the 
Golgi  impregnation  it  is  well  not  to  remove  them  at  all. 

The  spinal  cord,  the  medulla  oblongata,  and  the  'pons  Varohi 
may  be  liardened  in  toto.  The  dura  mater  should  be 
removed  at  once,  and  the  preparation  hung  up  in  a  cylinder- 
glass  with  a  weight  attached  to  its  lower  end,  in  order  to 
counteract  the  torsions  of  the  tissues  that  may  otherwise  occur. 

The  ccrehrum.  should  have  plugs  of  cotton-wool  put  into 
the  fissure  of  Sylvius,  and  as  far  as  possible  between  the 
convolutions.  Unless  there  are  special  reasons  to  the  con- 
trary, the  brain  should  be  divided  into  two  symmetrical 
halves  by  a  sagittal  cut  passing  through  the  median  plane 
of  the  corpus  callosum.  Betz  recommends  that  after  a  few 
hours  in  the  hardening  liquid  the  pia  mater  should  be  re- 
moved wherever  it  is  accessible,  and  the  choroid  plexuses  also. 

The  cerelellum  should  be  treated  after  the  same  manner. 
The  hardening  action  of  most  solutions  is  greatly  enchauced 
hy  heat.  Thus  Weigert  {Centralh.  med.  Wiss.,  1882, 
p.   819;   Zeit.  mss.  Mih.,  1884,  p.  388)  finds  that  at  a 
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ioiiiperatuvo  of  IVom  80°  Lo  40°  0.  preparations  may  be 
HufRciontly  liardonod  in  solution  of  Miiller  in  eiglit  or  ton 
days,  and  in  solution  of  Erlicki  in  four  days,  whilst  at  the 
normal  tomporataro  two  or  three  times  as  long  would  be 
required. 

But  it  seems  that  this  rapid  hardening  does  not  always 
give  the  best  results.  Sahli  is  of  opinion  that  it  does  not 
(see  Zeit.  wiss.  Mile,  1885,  p.  3),  and  other  authors  are  of 
the  same  opinion. 

On  the  other  hand,  the  slowness  of  the  action  of  chromic 
salts  at  the  normal  temperature  is  such  that  decomposition 
may  be  set  up  before  the  hardening  fluid  has  had  time  to  do 
its  work.  For  this  reason  voluminous  preparations  that  are 
to  bo  hardened  in  the  slow  way  should  be  put  away  in  a 
very  cool  place — best  of  all  in  an  ice  safe.  A  hemisphere 
will  require  eight  or  nine  months  for  hardening  in  this  way. 

Very  large  qnantilies  of  liquid  should  be  taken,  and  be 
changed,  at  first,  every  day  for  fresh. 

Reagents  (except  osmic  acid)  should  at  first  be  taken  as 
weak  as  is  consistent  with  the  preservation  of  the  tissue,  and 
be  changed  by  degrees  for  stronger. 

See  also  Pfistek  in  Neurol.  Centralb.,  xvii,  1898,  p.  643  {Zeit.  tolss. 
Mile.,  XV,  1899,  p.  494). 

740.  The  Reagents  to  be  employed. — Those  most  used  are 
formal,  and  the  chromic  salts. 

BuiiCHAiiDT  {La  Celhtle,  xii,  1 897,  p.  337)  says  that  "accord- 
ing to  the  unanimous  judgment  of  all  investigators,  the 
bichromates  of  potash  and  ammonia  should  not  be  emjiloyed 
for  the  cylological  study  of  nerve-cells."  NissL  {Encycl. 
viih.  Tcchnih,  ii,  p.  253)  holds  that,  for  this  purpose,  only 
alcohol,  formol,  sublimate,  and  occasionally  nitric  acid,  are 
admissible.  But  this  does  not  refer  to  hardening  for  purposes 
oi  fibre- anatomy,  nor  indeed  in  an  absolute  sense  to  cyto- 
logical  studies.  It  means  that  these  are  the  reagents  best 
fitted  for  producing  a  "  Nervenzellensequivalentbild,"  that 
js — a  standard  and  regularly  ohtaii:ahle  fixation,  always 
amenable  to  certain  current  stains,  of  the  whole  of  the  various 
kinds  of  nerve-cells  found  in  nervous  centres.  For  fibi-e- 
anatomy  he  himself  uses  bichromate  of  potash. 

741,  Formol. — Formol  gives  much  hetlcr  penetration  than 
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the  chromic  salts,  and  even  than  alcohol,  and  allows  of  the 
most  various  xlains,  including  silver  neuro-fibril  stains  and 
the  Golgi  impregnation. 

Several  writers  insist  that  for  nervous  tissue  it  should  not 
he  acid;  but  some  prefer  it  acid  (see  "Retina").  For 
neuro-fibrils  it  certainly  should  be  neutral.  To  neutralise, 
it  is  generally  sufficient  to  make  up  the  solutions  with  ia^i- 
icater.     It  is  not  likely  to  overUarden. 

I  use  1  part  of  forinol  to  9  of  water  (or  8  if  the  forraol 
has  been  keep  long). 

Weigeut  [Beit.  Koniitn.  norm,  memch.  Neuroglia,  1895, 
p.  114G)  puts  portions  of  material  of  not  more  than  half  a 
centimetre  in  thickness  for  four  days  into  a  "  4  per  cent, 
solution  of  formol"  (meaning,  presumably,  4  per  cent. 
form  aldehyde). 

Marcus  (quoted  from  Fish,  see  below)  hai-dens  spinal  cord 
for  two  or  four  weeks  iu  a  ^  per  cent,  solution  of  "formalin," 
(meaning  also  probably  formaldehyde),  then  in  Midler's  fluid 
for  a  week  in  an  oven  at  37°  C. 

Yan  GiESON  {Anat.  Anz.,  x,  1895,  p.  494)  has  used 
"  solutions  of  formalin  of  4,  6,  and  10  per  cent.,"  followed 
by  95  per  cent,  alcohol.  Myelin  was  found  to  be  well 
preserved. 

Laciii  {cf.  Zeit.  iviss.  Mik.,  xii,  1895,  p.  32)  has  had  good 
results  with  "  20  per  cent,  solutions  of  formol." 

Fish  {Pruc.Amer.  Mic.  Soc,  xvii,  1895,  p. 319)  recommends: 

Water   2000  c.c. 

Commercial  formalin         ...        50  „ 
Sodium  chloride      .        .        .        .100  grms. 
Zinc  chloride  .         .         .         .         .         lt>  „ 
Brains  should  be  left  in  this  mixture  for  a  week  or  ten  days 
or  more,  then  transferred  to  a  solution  of  water  2000  c.c, 
formalin  50  c.c,  in  which  they  may  remain  indefinitely  iF 
the  jar  be  kept  tightly  covered. 

Parker  and  Floyd  {Anat.  Anzeujer,  Bd.  ix,  1895,  p.  15'') 
advise  (for  sheep's  brains)  a  mixture  of — 

Alcohol  95  per  cent.       .        .        .     G  volumes 
Formol  2  per  cent.  .        .        .     4  „ 

Brains  may  be  kept  for  months  in  the  mixture  (i7/ir/., 
1896,  p.  568). 

Flatau  {Aniit.  Anz.,  xiii,  1897,  p.  32:5)  finds  (.hat  brain 
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augments  in  weight  slightly  in  10  per  cent,  forniol  solution 
(spinal  cord  somewhat  more)  ;  whilst  in  1  per  cent,  solution 
it  may  increase  as  much  as  24  per  cent. 

Geijota  {Zeit.  wiss.  Mile,  xiii,  1896,  p.  314)  puts  human 
brains  into  a  5  or  10  per  cent,  solution  of  formol,  and  after 
twenty-four  hours  removes  the  pia  and  changes  the  liquid ; 
this  is  also  further  done  every  iive  to  seven  days,  and  in  one 
or  two  weeks  the  hardening  is  complete.  In  the  case  of 
fcBtal  brains  of  Gam's,  Felift,  and  liomo,  he  first  injects  the 
vascular  system  with  a  10  to  15  per  cent,  solution  of  formol 
in  85  per  cent,  alcohol,  and  then  brings  the  heads  into  the 
5  to  10  per  cent,  watery  solution  ;  after  one  or  two  days  he 

removes  the  brains  from  the  skull  and  puts  them  back  for 

fifteen  to  twenty  days  into  the  formol. 

Kadyi  {Poln.  Arch.  Biol.  Med.  Wiss.,  i,  1901,  p.  80)  takes 

5  parts  of  formol,  100  of  water,  and  2  of  bicarbonate  of  soda, 

for  four  to  ten  days. 

Hrdlicka  {Fine.  U.  8.  Nat.  Mus.,  xxx,  1906,  p.  304)  takes 

3  parts  of  formol,  25  to  45  of  watei-,  and  72  to  52  of  nlcohol 

of  95  per  cent. 

Streckee  [Zeit.  iviss.  Mile,  xxviii,  1911,  p.  17)  fixes  small  pieces  for 

tweuty-f onr  to  f ovty-eiglit  hours  in  1  part  of  formol  of  10  or  20  per  cent. 

with  1  part  of  Ehrlich-Biondi  triacid  mixture,  and  imbeds  in  parafiin, 

thus  getting  a  stain  at  the  same  ti,me  as  a  fixation.    Similarly  with 

toluidin  blue,  fixing  it  with  ammonium  molybdate. 

742.  Chromic  Salts.— That  most  used  is  the  bichromate  of 
potash. 

The  liquid  of  Eelicki  has  a  more  rapid  action  than  the 
other  solutions  of  chromic  sa,lts.  Sahli,  however  [loc.  cif., 
§  739),  after  having  studied  the  action  of  the  usual  solutions, 
concludes  that  the  best  hardening  agent  for  fresh  tissues  is 
pure  bichromate  of  2^of,a-9h,  in  3  or  4  per  cent,  solution,  the 
hardening  being  done  in  a  cold  place.  He  rejects  the  liquid 
of  Erlicki  on  account  of  the  precipitates  it  so  frequently 
gives  rise  to  (see  §  54). 

Obersteinek  is"  of  the  same  opinion,  recommending  pure 
bichromate  for  general  hardening  purposes ;  whilst  for  the 
study  of  the  most  delicate  structural  relations  he  recommends 
fixing  in  FoFs  modification  of  Fleniming's  liquid  (§  42)  for 
twenty-four  hours,  followed  by  washing  with  water  and 
hardening  in  80  per  cent,  alcohol. 
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In  view  of  the  slowness  of  penetration  o£  chromic  salts,  it 
is  often  advisable  to  treat  preparations  for  twenty-four  hours 
or  more  Avith  alcohol  of  80  to  90  per  cent.,  or  formol,  before 
putting  them  into  the  hardening  Hquid,  or  to  add  formol 
(say  3  per  cent.)  to  it,  in  order  to  avoid  maceration  of  the 
deeper  layers  of  tissue. 

Bichromate  of  potash  should  be  taken  at  first  of  not  more 
than  2  per  cent,  strength  ;  this  is  then  gradually  raised  to 
3  or  4  per  cent,  for  the  cord  and  cerebrum,  and  as  much  as 
5  per  cent,  for  the  cerebellum.  Obersteiner  begins  with 
1  per  cent.,  and  proceeds  gradually  during  six  to  eight 
weeks  to  2  or  3  per  cent.  (This  is  at  the  normal  tempera- 
ture ;  at  a  temperature  of  35°  to  45°  C.  one  or  two  weeks 
■will  do.) 

Bichromate  of  ammonia  should  be  taken  of  half  the 
strength  recommended  for  bichromate  of  potash,  or  even 
weaker  at  first ;  it  may  be  raised  to  as  much  as  5  per  cent, 
for  cerebellum  towards  the  end  of  the  hardening. 

NissL  {Encycl.  Mik.  Techvih.,  ii,  p.  245)  takes  (for  rapid 
hardening)  100  parts  of  liquid  of  Miiller,  3  of  formol,  and 
enough  glycerin  to  make  the  tissues  float— for  a  few  days,— 
then  pure  Miiller  or  bichromate  of  potash. 

Betz's  methods  {Arch.  viik.  Anat.,  1873,  p.  101).— Brain 
and  spinal  cord  are  first  hardened,  for  some  days  or  weeks, 
in  70  to  §0  per  cent,  alcohol  containing  enough  tincture  of 
iodine  to  give  it  a  light  brown  coloration.  (As  fast  as  the 
alcohol  becomes  colourless  more  iodine  must  be  added.) 
Then  definitely  hardened  in  bichromate  of  potash,  of  3  per 
cent,  for  spinal  cord,  medulla  oblongata,  and  pons,  5  per  cent, 
for  cerebellum,  and  4  per  cent,  for  cerebrum. 
Unduly  neglected  nowadays.  --  - 

Gerebrim  (Bkvan  Lewis,  The  Enmnn  Brain,  p.  102). — 
Methylated  spirit,  twenty-four  hours  in  a  cool  place.  Muller's 
solution,  three  days  in  a  cool  place.  Then  change  the  liquid  ; 
and  after  three  days  more  substitute  a  2  per  cent,  solution 
of  potassium  bichromate.  At  the  end  of  the  second  week  a 
solution  of  double  the  strength  may.be  added;  and  if  at  the 
termination  of  the  third  week  the  mass  is  still  pliable,  and 
of  the  consistence  of  ordinary  rubber,  it  is  as  yet  unfit  for 
section-cutting,  and  the  rea,gent  should  be  replaced  by  a 
solution  of  chromic  acid. 
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Brain  (Hamilton,  Jouni.  of  Anal,  and  Physiol.,  1878, 

p.  254).— Put  into— 

Mailer's  fluid         .        .        .        .        3  parts 
Motliylated  spirit   ....        1  part 

in  an  ice-safo.     Change  the  solution  in  a  fortnight  or  three 

weeks  ;  or  i£  it  is  found  that  the  reagent  has  duly  penetrated, 

remove  to — 

Bichromate  of  ammonia     ...        1  grm. 

Water   400  c.c, 

for  one  week.  Then  change  the  solution  to  one  of  1  per  cent, 
for  one  week,  and  2  per  cent,  for  anotlier  week,  or  longer. 
The  pieces  may  be  kept  permanently  in  solution  of  chloral 
hydi'ate,  twelve  grains  to  the  ounce. 

Entire  Encepludun  (Deeckk,  Journ.  Roy.  Mic.  8<ic.,  1883, 
p.  449). — Bichromate  of  ammonia  in  I  to  1  percent,  solution, 
according  to  the  consistence  of  the  brain.  If  it  is  soft  he 
adds,  say,  ^  to  yV  per  cent,  of  chromic  acid  to  the  solution, 
and  always     to  ^  of  the  whole  volume  of  alcohol. 

Enceflmlon  (M.  Duval,  Robin's  Journal  de  V Anatomie, 
1876,  p.  497). — Bichromate  of  potash  25,  water  1000  ;  change 
after  twenty-four  hours,  and  again  after  three  or  four  days. 
After  two  or  three  weeks  place  in  chromic  acid  of  3  per  1000, 
change  every  day  for  the  first  week  and  after  that  every 
eight  days  until  the  middle  of  the  second  month.  The  pre- 
parations must  remain  at  least  two  months  in  the  chromic  acid. 

Ortu  {Berlin.  Iclin.  Wochenschr.,  1896,  No.  13)  takes 
Formol-Miiller  (§  113),  changed  every  few  days.  Small 
pieces  may  be  sufficiently  hardened  in  a  few  days  in  a  stove. 
This  is  now  very  popular. 

BoNviciNi  [Zeit.  ivii^s.  Mile,  xxvi,  1909  p.  412)  puts 
entire  brains  into  10  per  cent,  formol  (first  injected  through 
the  carotids  or  into  the  ventricles)  for  six  to  eight  days,  then 
slices  of  it  (in  the  dark)  into  4  parts  bichromqite  of  potash 
and  2-5  parts  sulphate  of  chromium  m  100  of  water,  changed 
weekly  for  two  months  (hemispheres),  or  twelve  to  fourteen 
days  (medulla  and  pons),  or  five  to  six  days  (cord). 

Eawitz  {iUd.,  p.  338)  puts  formol  material  for  exactly 
five  days  into  alcohol  with  10  per  cent,  of  tincfura  iodi 
P.G.,  then  for  eight  to  ten  into  saturated  solution  of  bi- 
chromate, changed  after  the  first  day,  then  into  95  per  cent, 
alcohol  in  the  dark  for  three  days. 
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743.  Other  Reagents— Osdiz'c  acid  is  hardly  usefvd  for  specimens 
of  more  tlinn  2  or  3  millimetres'  thickness.  These,  at  a  strength  of  1 
per  cent.,  it  will  harden  well  in  five  to  ten  days. 

Chromic  acid  is  not  much  used  alone.  Its  action  is  rapid,  but  uneven, 
and  causes  shrinkage  and  brittleness.  A  very  little  (say  one  to  two  drops 
of  1  per  cent,  solution  for  each  ounce)  added  to  bichromate  solution  will 
do  no  hanu  and  will  quicken  the  liardening. 

mtric  acid  has  been,  and  still  is,  employed  in  strengths  of  10  to  12 
per  cent.,  and  gives  particularly  tough  preparations. 

Neutral  acetate  of  lead  in  10  per  cent,  solution  alfords  an  excellent 
preservation  of  ganglion  cells,  according  to  Anna  Kotlaeewsici  (see 
Zeit.  luiss.  Mile,  iv,  1887,  p.  387). 

Trzebinski  {Virchow's  Arch.,  1887,  p.  1  ;  Zeit.  wiss.  Mile,  iv,  1887> 
p.  497)  finds  that  ganglion  cells  (of  the  spinal  cord  of  the  rabbit  and 
dog)  are  best  preserved  by  hardening  for  eight  days  in  7  per  cent, 
solution  of  corrosive  sublimate,  followed  by  alcohol  containing  0-5  per 
cent,  of  iodine.  Similarly,  DiOMIDOPF  {ibid.,  p.  499),  with  brain.  This 
process  produces  artificial  "  pigment  spots  "  ;  they  may  be  dissolved  out 
by  prolonged  treatment  with  warm  water,  or  in  five  minutes  by  strong 
solution  of  LuGOL. 

Fish  {The  Wilder  Quarter-Century  Book,  1893,  p.  385)  and  Donald- 
son {Journ.  o/ Jlfo)-p7ioZ.,  ix,  1894,  p.  123)  have  foimd  that  bicLromate  of 
potash  produces  a  sligbt  Lucrease  both  in  weight  and  volume  of  brains 
of  sheep,  whereas  all  the  other  reagents  tried  produce  a  diminution  of 
both  these  factors. 

Several  observers  have  lately  been  using  acetic  alcohol.  So  Timofeew, 
Intern.  Monatssclir.  Anat.  u.  Phys.,  xv,  1898,  p.  259  (Cabnoy's  second 
formula,  §  85). 

Mann  {Methods,  etc.,  p.  95),  for  cell-studies,  puts  for  twenty-four 
hours  into  solution  of  5  parts  of  iodide  of  potassium  and  25  of  iodine  in 
100  of  water,  then  into  70  per  cent,  alcohol. 

Fish  {The  Wilder  Quarter- Century  Booh,  1893,  p.  393)  takes 

Water   400  c.c. 

95  per  cent,  alcohol   400  „ 

Glycerin  •       •       250  ,, 

Zinc  chloride  20  grms. 

Sodium  chloride  20  grms. 

for  about  three  days,  then  transfers  for  a  week  or  more  to  a  mixture 
of  equal  parts  of  the  fluid  and  70  per  cent,  alcohol,  and  finally  stores  in 
90  per  cent,  alcohol. 

Ohlmacher  recommends  his  sublimate  mixture,  §  65,  KoDis  {Arch, 
mik.  Anat.,  lix,  1901,  p.  212)  fixes  in  saturated  solution  of  cyanide  of 
mercury,  brings  into  10  per  cent,  formol,  and  sections  by  the  freezing 
method. 

Kelts  {Bidl.  Acad.  Sc.  Belg.,  1899,  1900,  p.  726)  fixes  spinal  ganglia  for 
twenty-four  hours  in  a  solution  of  20  grms.  sulphate  of  copper,  and  sub- 
limate to  saturation,  in  a  litre  of  7  per  cent,  formol  with  5  c.c.  of  acetic 
acid. 

King  {Anat.  liec,  iv,  1910,  p.  213)  after  trying  over  twenty-five 
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methods  on  brains  of  fifty  rate,  conchuleB  that  the  Ijest  is  Olihiiacher's. 
The  brain  should  bo  put  into  it  for  two  to  three  hours,  then  for  one  into 
alcohol  of  85  per  cent.,  then  70  jjer  cent,  with  iodine  for  at  least  twenty- 
four  hours,  then  passed  through  ether  into  2  per  cent,  celloidin  for  two 
to  three  days,  and  passed  through  cliloroform  and  jjenzol  into  paraffin. 
Bouiu's  is  the  best  of  the  formol  liijuids ;  Tellyesnicky's  is  the  only  one 
of  the  bichromate  mixtures  that  eciuals  it.  All  sublimate  mixtures  fix 
nuclei  well,  but  vacuolise  cytoplasm. 

The  reader  will  note  that  these  results  do  not  allow  for  subsequent 
impregnation  operations. 

744.  Nervous  Centres  of  Reptiles,  Fishes,  and  Amphibia. — 
Mason  (Central  Nervous  System  of  Certain  Iteptiles,  etc. ;  Whitman's 
Methods,  p.  196)  recommends  iodised  alcohol,  six  to  twelve  hours;  then 
3  per  cent,  bichromate,  changed  once  a  fortnight  until  the  hardening  is 
sufficient  (six  to  ten  weeks). 

BuRCKHABDT  {Das  Centralncrvensijstcvi  von  Protoptcrus,  Berlin, 
1892 ;  Zeit.  wiss.  Mile,  ix,  1893,  p.  347)  recommends  a  liquid  composed 
of  300  parts  of  1  per  cent,  chromic  acid,  10  parts  of  2  per  cent,  osmic 
acid,  and  10  parts  of  concentrated  nitric  acid,  in  which  brains  of  Pro- 
topterus  are  hardened  in  twenty-four  to  forty-eight  hom-s. 

Pish  {Journ.  ofMorphol.,  x,  1, 1895,  p.  231)  employed  for  Desnwijnalhus 
a  mixture  of  100  c.c.  of  50  per  cent,  alcohol,  5  c.c.  of  glacial  acetic  acid, 
5  grms.  of  coiTOsive  sul)limate,  and  1  gi-m.  of  picric  acid,  fixing  for 
twelve  to  twenty-foiu'  hours,  and  passing  through  the  usual  alcohols. 

Strong  (Journ.  camp.  Neurol.,  xiii,  1903,  p.  29G)  fixes  (and  decalcifies 
at  the  same  time)  the  heads  of  young  AcantMas  in  a  mixture  of  9  parts 
of  5  per  cent,  iron  alum  and  1  part  of  formol,  for  about  two  weeks,  makes 
paraffin  sections,  stains  with  hiematoxyUn,  and  differentiates  m  iron  alum 
of  1  to  2  per  cent. 

Sections. 

745.  Imbedding  is  by  no  means  always  necessary.  Sections 
can  be  obtained  from  any  part  of  tlie  central  nervous  system 
without  it.  The  material  should  be  well  hardened,  and 
glued  on  to  a  piece  of  wood  or  cork  by  means  of  a  rather 
thick  solution  of  gum  arabic.  As  soon  as  it  begins  to  stick 
to  the  support  the  whole  is  thrown  into  80  per  cent,  alcohol 
to  harden  the  joint,  after  which  it  may  be  fixed  in  the  object- 
holder  of  the  microtome  and  cut. 

Or,  you  may  simply  make  a  clean  cut  at  the  bottom  of  the 
specimen,  dry  it  with  blotting  paper,  and  stick  it  on  with 
sealing  wax. 

To  cut,  the  kiiife  should  be  wetted  with  alcohol  or  water. 
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If  the  latter,  add  a  little  soap  to  prevent  it  from  running  into 
drops  on  the  knife. 

If  the  collodion  method  has  been  taken  it  may  be  found 
that  notwithstanding  every  precaution  the  collodion  has  not 
thoroughly  penetrated  the  tissues.  Good  sections  may,  how- 
ever, still  be  obtained  by  Duval's  method  of  collodionisiiig 
the  sections.  The  cut  surface  of  the  tissue  is  dried  by 
blowing  on  it,  and  is  covered  Avith  a  thin  layer  of  collodion 
laid  on  it  with  a  brush.  As  soon  as  this  layer  has  somewhat 
dried,  which  happens  very  rapidly,  a  section  is  cut  and  the 
cut  surface  is  collodionised  as  before,  and  so  on  for  each 
section.  This  process  gives  very  good  results,  and  may  be 
advantageously  employed  even  with  material  that  has  been 
successfully  imbedded,  as  it  gives  a  better  consistency  to  the 
tissue,  and  enables  thinner  sections  to  be  obtained  (van 
Gehuchtbn,  in  litt.). 

Stbassek  {Zeit.  wiss.  Mile,  ix,  1892,  p.  8)  obtains  paraffin 
sections  of  10  cm.  breadth  by  15  cm.  length.  He  cuts  out 
from  hardened  material  slices  of  from  1  to  2  cm.  in  thickness, 
de-alcoliolises  them  with  xylol-carbolic  acid  mixture,  §  167, 
allows  this  to  evaporate,  and  brings  them  first  into  melted 
yellow  vaselin,  and  lastly  either  into  a  mixture  of  vaselinand 
paraffin  of  42°  melting  point,  or  into  pure  paraffin. 

See  also  Poso,  il>.,  xxvii,  1910,  p.  358  ;  Dkeckh,  loc.  cit., 
§  742  ;  DEJEHine,  Anab.  Centres  Nerveit,x,  p.  29. 

Stbasseb  also  imbeds  the  slices  in  celloidiu,  and  clears 
them  before  cutting  with  a  mixture  of  xylol-carbolic  acid  and 
80  per  cent,  alcohol  in  equal  parts. 

Feist  {Zeit.  iviss.  Mile,  viii,  1892,  p.  492)  marks  the  right  and  left  sides 
of  spiaal  cord  by  imbedding  with  each  segment  of  it  a  small  cylinder 
(of  about  1  square  millimetre  in  section)  of  hardened  liver,  stuck  verti- 
cally ill  the  imbedding  mass  (either  celloidiu  or  paraffin)  against  tlie  side 
of  the  cord  that  it  is  desired  to  mark. 

For  t\ie  freezing  metlmd  see  p.  117,  and  for  further  details 
concerning  imbedding  and  cutting  see  fourth  edition. 

LiBSEGANG  {Zeit.  loiss.  Mile,  xxvii,  1910,  p.  369)  mounts  large  sections, 
direct  from  water,  in  a  layer  of  .5  per  cent,  solution  of  gelatin,  lets  this 
dry,  and  varnishes  it,  dispensing  with  balsam  and  cover. 
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Gknerai,  Stains. 

746.  Carmines. — Amvionia-carmine  is  good  for  general  views. 
Stain  very  slowly  in  extremely  dilute  solutions.  Biclironiale 
material  ought  to  be  brouglit  direct  into  the  /stain  witliout 
passing  through  alcohol  (see  §  51). 

Picro-carmine  has  much  the  same  action,  but  gives  a 
better  demonstration  of  non-nervous  elements. 

I  prefer  carmalum,  with  formol  material,  as  giving  a  more 
delicate  stain.     I  find  it  better  than  paracarmine. 

Kecent  authoi's  recommend  soda-carmine.  The  Encycl. 
niik.  Technik.,  p.  927,  advises  staining  Miiller  matei-ial  for  a 
couple  of  days  in  a  2  per  cent,  solution  oE  carminate  of  soda 
(Grubler's). 

BoRAX-CAEMiNB,  with  iiidigo-carmine  or  an  aniliu  blue  to  follow, 
gives  elegaut  hut  not  very  instructive  images,  and  I  have  abandoned  it. 

See  also  Schmaus  [Milnch.  vied  Wochenschr.,  1891,  No.  8;  Zeit.  ivisn. 
Mile,  viii,  1891,  p.  230) ;  Upson  {Neurolog.  Centvalb.,  1888,  p.  319  ;  Zeit. 
wiss.  Mile,  V,  1888,  p.  525) ;  Freeborn  {Amer.  Mon.  Mic.  Joum.,  1888, 
p.  231 ;  Joiu-n.  Boy.  Mic.  Soc,  1889,  p.  305)  ;  Kadti,  Neurol.  Gcntralh., 
XX,  1901,  p.  687;  Zeit.  wiss.  Mile,  xviii,  1902,  p.  483) ;  Ohilbsotti  {ibid, 
xix,  1902,  p.  161,  and  xx,  1903,  p.  87);  Kappers  and  Ketjen  {ibid. 
xxviii,  1911,  p.  276)  (Weigert  material  after-stained  with  paracarmine). 

747.  Anilin  blue-black  has  been  much  recommended  hj  Sanket 
{Quart.  Joum.  Mic.  Sci.,  1876,  p.  69) ;  Bevan  Lewis  {Human  Brain, 
p.  125) ;  Vejas  {Arch.  f.  Fsyclnatrie,  xvi,  p.  200) ;  Gierke  {Zeit.  wiss. 
Mile,  1884,  p.  376) ;  Martinotti  {ibid.,  p.  478) ;  Jblgersma  {Zeit.  wiss. 
mile.,  1886,  p.  39) ;  Schmaus  {Miinch.  med.  Wochevschr.,  No.  8,  1891. 
p.  147  ;  Zeit.  wiss.  Mile,  viii,  1891,  p.  230),  and  others.  As  to  this  colour 
see  §  329,  and  for  details  see  previous  editions. 

748.  — Nigrosin  has  given  useful  results  in  some  hands.  I 
have  not  succeeded,  probably  because  the  dye  is  of  inconstant 
composition,  and  does  not  keep  well. 

749.  Picronigrosin.— Martinotti  {loc.  rit.,  1884,  p.  478) 
stains  for  two  or  three  hours  or  days  in  a  saturated  solution 
of  nigrosin  in  saturated  solution  of  picric  acid  in  alcohol,  and 
washes  out  in  a  mixture  of  1  part  of  formic  acid  with  2  parts 
of  alcohol. 

Johnston  [Morph  Jahrb.,  xxxiv,  1905,  p.  150)  adds  a 
little  SaureFuchsin  to  the  mixture. 

750.  Kaiser  {Zeit.  wiss.  Mile,  vi,  1889,  p.  471)  stains  sections  of  spinal 
cord  for  a  few  hours  iu  a  solution  of  1  part  of  naphtliylamin  brown,  200 
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of  water,  uiitl  100  o£  alcohol,  washes  with  alcohol,  clears  with  origanum 
oil,  aud  monuts. 

751.  Alizarin. — Schkottek  {Neurol.  Geiitralb.,  xxi,  1902^ 
p.  338  j  Zcit.  iviss.  Mile,  xix,  1903,  p.  381)  stains  sections 
for  twenty-four  hours  in  a  1  to  2  per  cent,  solution  of  sul- 
plializarinate  of  soda,  differentiates  for  |-  to  1  minute  in 
tap-water,  dehydrates,  and  mounts.  This  is  a  general  stain, 
but  demonstrates  Nissl  bodies  and  other  internal  details. 

752.  Nissl's  methylen-hlue  is  nsed  as  a  general  stain  by  some. 

ROTHiG  (Folia  NeurobioL,  ii,  1909,  p.  385  ;  Zeit.  wiss.  Mile,  xxvi,  1909, 
p.  282)  fixes  and  stains  for  about  four  weeks  in  satm-ated  solution  of 
Melliylenazur  I  (Griibler)  in  formol  of  10  per  cent.,  puts  for  ten  to  fifteen 
minutes  into  aceton,  then  for  twelve  hours  into  chloroform,  and  imbeds 
in  paraffin.  He  also  has  a  process  with  trichloracetate  of  lead  and 
methyleuazur. 

Rawitz  {Zeit.  wiss.  Mile,  xxvi,  1910,  p.  341)  has  some  complicated 
methods  with  Indulin,  Indamin  hlue,  and  Awsdareblaii,  which  take 
twenty-eight  days  ;  and  [ibid.,  sxviii,  1911,  p.  1)  others  yfith  fachsiti  and 
azofuchsin  which  take  over  thirty-six  days. 

Kappers  {ibid.,  p.  417)  describes  a  stain  of  chromic  material  with 
extract  of  elderberries. 

ScAEPATETTi  {Neurol.  Centralb.,  xvi,  1897,  p.  211 ;  Zeit.  iviss.  Mile, 
xiv,  1897,  \).  91)  stains  sections  of  formol  material  for  five  minutes  in 
1  per  cent.  hEematoxylin,  treats  for  five  minutes  with  concentrated 
solution  of  neutral  acetate  o£  copper,  differentiates  with  "Weigert's 
borax-feiTi-cyanide,  treats  with  concentrated  solution  of  carbonate  of 
lithia,  washes  and  mounts.    Myelin  is  not  stained. 

4 

753.  M  ALLOKv's  Phospho-molybdic-acid  Hsematoxylin.  lias  been 
given,  §  271. 

For  the  extremely  complicated  modification  of  Auerbach,  see  Neurol. 
Centralb.,  xvi,  1897,  p.  439,  or  Zeit.  wiss.  Mih.,  xiv,  1897,  p.  402,  and  for 
that  of  KoDis  see  §  271. 

754.  Hematoxylin  and  Saurefuehsin. — Finotti  {Virchoio's  Arch., 
cxliii,  1896,  p.  133 ;  Zcit.  iviss.  Mile,  xiii,  1896,  p.  236)  stains  in  hiema- 
toxylin,  counter-stains  for  three  minutes  with  0"5  to  1  per  cent,  solution 
of  Siiurefuchsin,  and  differentiates  in  75  per  cent,  alcohol  containing  a 
very  little  caustic  potash. 

Yan  Gieson's  htcmatoxylin  and  picro-Siiurefuchsin,  §  398,  gives 
usefiU  general  views  of  nerve-cells,  axis-cylinders,  and  neiu'Oglia. 

755.  Ai.T  (Miinch.  med.  Wocliensclir.,  1892,  No.  4;  Zeit.  tviss.  Mile, 
ix,  1,  1892,  p.  81)  stains  for  a  couple  of  hours  in  solution  of  Congo  red 
in  aljsolute  alcohol,  and  washes  out  with  pure  alcohol.  For  peripheral 
axis-cylinders,  aud  other  elements. 
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NJillVOUS  SYSTEM— OYTOLOGIOAL  METHODS. 

766.  Introduction. — The  ordinary  methods  of  cytology  are 
of  course  available  for  nerve-cells.  But  there  are  two 
cliaracteristic  elements  of  tliese  cells — the  tigroid  substance, 
and  the  system  of  neuro-fibrilsj  which  require,  for  minute 
study,  special  methods  such  as  the  following. 

A.  Methods  for  Cells,  demonstrating  Tigroid  8iibstance. 

757.  Tigroid  substance  is  a  markedly  basophilous  element, 
occurring  in  the  form  of  granules  or  larger  irregular  blocks 
known  as  the  "  bodies  of  Nissl."  It  takes  up  basic  anilin 
dyes,  but  does  not  hold  them  with  such  special  energy,  as 
for  example,  the  chromatin  of  nuclei.  It  is  usually  stained 
by  the  regressive  method,  with  very  careful  differentiation. 
The  material  is  usually  fixed  with  alcohol,  formol,  or  subli- 
mate. Van  GtEHUchten  and  Nelis  (La  Cellule,  xiv,  1898, 
p.  374)  recommend  Gilson's  mixture,  §  69. 

All  the  following  stains  have  the  defect  of  keeping  hadlij  ; 
they  .generally  do  not  last  more  than  a  few  months. 

758.  Nissl's  Methylen-blue  Method  {Neurol.  Gentralb.,  1894., 
p.  508). — Fresh  material  is  hardened  in  96  per  cent,  alcohol, 
and  sectioned  without  imbedding.  The  sections  are  floated 
on  to  the  following  stain  poured  into  a  watch-glass  : 

Methylen  blue  (Methylenblau  B.  pat.)  .        3-75  parts. 
Venice  soap       .....        1'75  „ 

Distilled  water   1000-0 

(This  stain  should  not  be  used  fresh,  but  kept  for  at  least 
three  months.) 

The  Avatch-glass  is  warmed  over  a  flame  to  about  65  to 
70°  0.  till  bubbles  are  given  off.  The  sections  are  then 
brought  for  an  instant  (5  to  20  seconds)  into  a  mixture  of 
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10  parts  of  uuiliii  oil  with  90  parts  of  96  per  cont.  aluohol, 
and  as  soon  as  no  more  colour  is  given  oU  from  them  are  got 
on  to  a  slide,  dried  with  filter-paper,  cleared  with  oil  of 
cajeput,  dried  again  with  filter-paper,  treated  with  a  few 
drops  of  benzin,  and  mounted. 

Van  GisHDCHTEN  {in  lilt.)  prefers  to  take  farnffiii  sections, 
mounted  on  slides  by  the  water  method,  and  stain  them  for 
five  or  six  hours  in  Nissl's  mixture  in  a  stove  kept  at  35  to 
40°  C. 

Eehm  {Miiiich.  med.  Wochenschr.,  1892,  No.  13  ;  Zelt.  wiss. 
Mih.,  ix,  1893,  p.  387)  stains  for  half  a  minute  to  a  minute 
in  a  hot  O'l  per  cent,  of  methylen  blue,  washes  in  96  per  cent, 
alcohol  till  no  more  colour  comes  away,  clears  with  origanum 
oil,  and  mounts  in  balsam. 

GoTHARD  [G.  R.  Soc.  Biol,  V,  1898,  p.  530)  stains  cel- 
loidin  sections  for  twenty-four  hours,  luithout  heat,  in  Unna's 
polychromatic  methylen  blue  and  differentiates  in  a  mixture 
of  5  parts  of  creosote,  4  of  oil  of  cajeput,  5  of  xylol,  and  16 
of  absolute  alcohol. 

LuiTHLEN  and  Sorgo  {Neurol.  Centralb  ,  xvii,  1898,  p.  640) 
differentiate  in  Unna's  glycerin-ether  mixture  (§  702), 
remove  this  with  absolute  alcohol,  and  clear  in  origanum 
oil. 

Lennhofp  {ibiJ.,  1910,  p.  1)  recommends  polychrome 
methylen  blue  for  2  minutes,  followed  by  Griibler's  "  Karbol- 
Methylgriin-Pyronin  "  for  20  minutes. 

Lord  {Journ.  Ment.  Sci.,  October,  1898)  makes  sections  of 
fresh  tissue,  frozen,  treats  them  for  a  few  seconds  with  a 
mixture  of  equal  parts  of  6  per  cent,  formaldehyde  and 
saturated  solution  of  picric  acid,  then  rinses,  and  warms  till 
bubbles  appear  in  5  per  cent,  solution  of  methylen  blue. 

Mentz  von  krogh  {Centralb.  Bakt. ,lviu,  1911,  p.  95)  stains 
paraffin  sections  for  5  minutes  in  polychrome  methylen  blue, 
treats  for  1  to  15  with  2  per  cent,  chromic  acid,  differentiates 
till  blue  with  5  per  cent,  tannin,  and  mounts  in  balsam. 
Shows  also  axis  cylinders. 

See  also  Goldscheideb  &  Flatau,  Normale  mid.  -path.  Anat.  der 
Nervanzellen,  etc.,  Berlin,  Konifeld,  1898  (Zeit.  wiss.  Mile,  xvi,  1899, 
p.  102),  and  Nissl's  remarks  thereon,  Bcutscha  Zail.  NervenhcilJc,  xiii, 
1899,  p.  318  {Zeit.  wiss.  Mile,  xvi,  1899,  p.  370) ;  Cox,  Intern.  Monatsschr. 
Anat.  Phys.,  xv,  1898,  Heft  8 ;  Myeks,  Anat.  Record,  1908,  p.  434 ; 
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iLiiiiRG,  Neurol.  Cuntmlb.,  1896,  No.  18;  Savini,  Cuidralb.  Bukt.,  J'JOft, 
p.  G97. 

759.  MethylenBlueandErythrosin.— Held  {AncU.  l'hys.,Anat. 
Ahlh.,  1895,  1896,  p.  399)  stains  sections  on  slides,  with  tliu 
aid  of  a  gentle  heat,  foi-  one  or  two  minutes  in  a  solution  of 
1  grm.  of  Griibler's  erytlirosin  in  150  of  water  with  two 
drops  of  glacial  acetic  acid,  washes  out  with  water,  and 
stains  in  a  mixture  of  equal  parts  of  Nissl's  methylen  blue 
and  5  per  cent  solution  of  acetone,  warming  strongly  the 
while,  until  all  odour  of  acetone  has  disappeared.  After 
cooling  he  differentiates  with  O'l  per  cent,  solution  of  alum 
until  the  sections  appear  reddish,  rinses  in  water,  dehydrates 
as  rapidly  as  possible  in  absolute  alcohol,  and  passes  througli 
xylol  into  balsam.  See  further  liereon  Held,  op.  cit.,  1897, 
pp.  226—233,  273—305  (Supplementband),  and  Boccardi, 
Mon.  Zuol.  Ital,  x,  1899,  p.  141  (stains  in  a  mixture  of 
erythrosin  O'l,  toluidin  blue,  0-2,  and  water  100  parts,  and 
differentiates  in  0-5  per  cent,  alum  solution). 

760.  Thionin.— Lenhossek  {Fein.  Bau.  d.  Nervensystems, 
Berlin,  1894,  p.  149)  stains  sections  of  formol  material  for 
five  minutes  in  a  concentrated  aqueous  solution  of  thionin, 
rinses  witli  water,  and  mounts  as  ISlissl.  The  stain  does  not 
keep  well. 

Similarly  Eamon  y  Oajal,  Man.  cle  Anat.  Path.  Gen.,  1896 
(see  Zelt.  wiss  Mile,  xv,  1899,  p.  375),  and  Luxenbdkg, 
Neurol.  Centralb.,  xviii,  1899,  p.  629. 

761.  Toluidin  Blue.— Lenhossek  [Neurol.  Centralb.,  xvii, 
1898,  p.  577  ;  Zeit.  wiss.  Mik.,  xv,  1899,  p.  492).  Sections 
are  stained  on  slides  for  a  nigbt  in  concentrated  solution  of 
toluidin  blue,  rinsed  in  water,  quickly  differentiated  with 
alcohol,  cleared  with  xylol  or  carbolic-acid  xylol,  and  mounted 

in  balsam.  .  ^ 

Similarly  Polumokdwinow  {Zeit.  wiss.  Mile,  xvi,  IbJy, 
p  371  who  stains  in  a  very  weak  alkaline  solution,  1  part  of 
1  per  cent,  solution  to  119  of  water  and  1  of  carbonate  of  soda. 

762.  Neutral  Red.— JuLiusBUKGEK  {Neurol.  Centralb.,  xvi, 
]897  p  259)  stains  sections  of  formol  material,  for  lialf  to 
three  quarters  of  a  minute  in  warin  1  per  cent,  solution  of 
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neutral  red,   dehydrates  in   alcohol,   and  passes  through 
bergamot  oil  to  balsam. 

Rosin  {Deutsche  med.  Wuclienschr.,  1898,  No.  39,  p.  615; 
Zeit.  iviss.  Mih,  xvi,  1899,  p.  238)  stains  in  concentrated 
aqueous  solution,  washes  out  thoroughly  with  water,  and 
passes  through  alcohol  (must  be  free  from  acid)  into  xylol 
and  balsam.  Granules  of  Nissl  red,  nucleoli  red,  all  the 
rest  yellow. 

763.  Alizarin. — See  §  751. 

764.  Cresyl  Violet.  —  Bielschowsky  &  Plxen  [Neurol. 
Gentralb.,  1900,  p.  1141)  stain  for  24  honrs  in  50  c.c.  of 
water,  with  6  to  10  drops  of  concentrated  aqueous  solution 
of  Cresyl  violet  RR.  and  pass  through  water,  alcohol,  cajeput 
oil  and  xylol  into  balsam.  The  preparation.?  heep  better  than 
thionin  or  toluidin  blue  ones. 

765.  Tigroid  Substance,  other  Methods.— See  Cox,  Zeit.  wiss. 
Mih.,  xiii,  1896,  p.  498  ;  xv,  p.  369 ;  xvi,  1899,  p.  101 ;  Anat.  Hefte,  xxxi, 

1898,  p.  75  ;  Intern.  Monatsschr.,  xv,  1898,  H.  8 ;  Attbebach,  Monatsschr. 
Psynhiatri'e,  iv,  1898,  p.  31 ;  Zeit.  luiss.  Mik.,  xv,  1899,  p.  493;  Btjehler, 
Verh.  Phys-Med.  Ge.s.  Wurzburg,  xxxi,  1898,  p.  285  ;  Zeit.  wiss.  Mile.,  xv, 

1899,  p.  351;  Mosse,  Arch,  mih:  Anat.,  1902,  p.  403  (his  argentamin 
stain,  which  see). 


c.  Methods  for  Cells  and  Fibres,  devionstratlvg  Nenrofibrils. 

766.  Neurofibrils;  General  Characters. — Nerve-cells,  and  the 
fibres  into  which  they  are  prolonged,  contain,  in  addition  to 
the  chromatic,  basophilous  element  demonstrated  by  the 
method  of  Nissl,  a  characteristic  "achromatic"  element, 
consisting  chiefly  of  fine,  fairly  refractive  fibrils,  which  can 
only  be  seen  with  difficulty  in  the  unstained  state,  and  can 
only  be  well  brought  out  by  means  of  special  stains.  They 
may  be  fixed  with  osmie  acid,  and  made  out  in  thin  sections 
of  medullated  nerves  studied  in  dilute  glycerin  or  water, 
and  may  be,  to  a  certain  extent,  isolated  by  maceration. 

KuPFFEE  {Sitzh.  math.  Kl.  Alcacl.  wiss.  Miinchen,  xiii,  1884,  p.  470) 
proceeded  as  follows  :  A  medullated  nerve  is  stretched  on  a  cork  nnd 
treated  for  twenty-four  hours  with  O'S  per  cent,  osmic  aoid.  It  is  then 
washed  in  water  for  two  hours  and  stained  for  twenty  four  to  twenty- 
eight  hours  in  saturated  aqueous  solution  o£  Siiurefuchsin ;  after  which 
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ifc  is  wasliod  ont  for  from  six  to  twelve  hours  (not  more  in  any  case)  in 
aljsohite  alcohol,  cleared  in  clove  oil  imbeddecl  in  paraiEn,  and  cut.  It 
is  sitid  that  if  sections  are  mounted  hy  the  water  method  the  stain  will 
he  extracted ;  but  why  not  make  the  water  acid,  §  291  P 

The  usual  histological  stains  either  leave  fchem  colourless 
or  stain  the  surrounding  plasma  more  strongly  than  the  fibrils 
themselves.  There  may  thus  be  produced  a  "  negative  " 
image  of  fibrils  which  does  not  really  show  the  true  neuro- 
fibrils, and  being  taken  for  them  may  prove  a  source  of  error. 
The  following  methods  are  such  as  have  been  recommended 
as  giving  true  stains  of  the  fibrils. 

767.  Neurofibrils :  Silver  Methods. — Those  most  used  are 
Ramon  y  Cajai/s  and  Bielschowsky's.  The  essential  differ- 
ence between  the  two  is  that  Ramon  employed  a  single 
impregnation  bath — of  nitrate  of  silver;  whilst  Bielschow.shy 
employs  two — one  of  nitrate  and  one  of  silver  oxide  dissolved 
in  ammonia. 

Fixing  agents  should  in  general  be  neutral  or  alkaline  ;  for 
acids  or  oxidants  divert  the  impregnation  from  the  fibrils  to 
other  elements,  chiefly  tigroid  and  nuclear  elements. 

Sections  should  be  thin — not  more  than  15  /i  to  20 /i. 

Toning  with  gold  has  the  effect  of  intensifying  the  stain 
in  the  fibrils  and  lightening  it  in  surrounding  elements,  thus 
giving  enhanced  contrast.  It  also  serves  to  favour  the  pre- 
sei'vation  of  the  stain. 

The  object  of  fixing  with  hyposulphite  is  to  remove  from 
the  tissues  any  unreduced  silver  salts  which  might  cause  a 
loss  of  coutrast  by  darkening  the  ground  of  the  preparations. 
With  well  reduced  preparations,  such  as  Ramon's  are  in 
general,  it  is  not  necessary. 

Bielschowsky's  methods  have  the  advantage  of  being 
applicable  to  larger  specimens  than  Ramon's,  for  they  give  a 
more  uniform  impregnation  through  the  whole  thickness  of 
the  objects  (especially  with  the  centi-al  nervous  system  of 
man)  ;  whilst  Ramon's  (especially  his  formula  la)  only  gives 
the  desired  results  in  a— sometimes  very  thin— layer  between 
an  overstained  outer  and  an  undei-stained  inner  one. 

Bielschowsky's  are  applicable  to  very  old  formol  material. 
Bayon  {Die  histologischen  Untersnchrings-Methoden  dvs  Nervtn- 
systcms,  p.   157)  has  succeeded  with   material  four  years 
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old.  But  this  must  bo  about  tlio  limit,  for  I  find  material 
seven  years  old  entirely  refractory. 

The  two  metliods  do  not  give  quite  the  same  images  of 
neurofibrils.  Ramon's  tends  to  show  intra-cellular  fibrils 
anastomosiug  into  networks^  whilst  Bielschowsky's  (like 
Bethe's)  tends  rather  to  show  independent  fibrils  traversing 
cells  without  anastomosing. 

For  the  demonstration  of  pericellular  networks,  buds  of 
Held  and  Auerbach,  non-niedullated  fibres  and  nerve- endings 
in  general  Ramon's  seems  the  better. 

Bielschowsky's  method  stains  elastic  fibres  and  connective 
tissue  fibres,  which  Ramon's  do  not. 

768.  Ramon  t  Cajal's  Metliods. — This  section  contains  all 
the  methods  described  by  Ramon  in  Trahajos  del  Lah.  de 
Investigaciones  Biologicas,  viii,  1910  (t.  xiii  of  Bev.  trimes- 
Iral  micrografica).     The  numbering  is  that  of  Ramon. 

Formula  la. — For  small  and  medium  nerve-cells.  Small. 
pieces  of  fresh  tissue  are  put  direct  [i.  e.  without  previous 
treatment  with  any  other  reagent)  into  nitrate  of  silver  of 
To  per  cent. 

They  are  kept  for  about  three  days  (2^  for  very  small 
objects,  such  as  spinal  cord  of  newborn  rabbit;  4  for 
medium-sized,  such  as  cord  or  cerebellum  of  adult  rabbit; 
5  for  specimens  of  the  size  of  its  cerebrum)  in  the  silver. 
They  must  be  kept  in  a  stove  at  a  temperature  of  about 
35°  C.  all  the  time.  (In  summer,  with  a  temperature  con- 
stantly over  22°  C,  the  stove  may  be  dispensed  with,  provided 
that  the  impregnation  be  prolonged  for  two  or  three  days 
more.)  The  tissues  are  known  to  be  ripe  for  reduction  when 
a  freshly  cut  surface  shows  a  brownish-yellow  coloration. 

They  are  then  washed  for  one  or  two  minutes  in  distilled 
water,  and  put  into — 

Pyrogallol  or  hydroquinon  .         .         1  to  2  grm. 

Water   100  „ 

Formol*  .        .        .        .        •  ^  „ 

*  The  formol  is  not  necessary,  but  is  useful.  You  may  take  pyridin 
instead  (1  to  3  per  cent.).  Ton  may  also  add  0-5  per  cent,  of  sodium 
snlpliite.  The  stronger  the  pyrogallol  the  greater  the  contrast:  it  is 
sometimes  useful  to  take  as  much  as  3  per  cent.,  but  tlieu  the  over- 
impregnation  of  the  outer  layers  will  be  increased.  Hydroquinon  (I  add) 
reduces  more  energetically  than  pyrogallol. 
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They  remain  in  tliis  for  twenty-four  hours.  Thoy  are  then 
washed;  hardened  in  alcohol,  imbedded  in  colloidin  or  paraffin, 
and  .sections  mounted  in  damar. 

Tbllyesnicky  (Verh.  Anat.  Ges.,  1904,  p.  183)  advises  toning  the 
sections  for  five  to  thirty  minnte3  in  150  c.c.  of  water  witli  4  c.c.  of 
1  per  cent,  gold  chloride.  This  is  good  for  weak  iuipregnations,  hut 
not  desiraljle  for  strong  ones  which  show  good  contrast. 

Sections  from  the  outer  layers  are  too  dark  for  study, 
those  from  the  innermost  too  pale  (if  the  specimens  are 
large  ones),  whilst  those  fi'om  intermediate  layei's  ai-e  fit  for 
study.  The  over-stain  of  the  outer  layers  can  be  diminished 
by  dilating  the  silver  bath  with  1  volume  of  water  for  the 
last  twelve  hours. 

This  metliod  has  the  defect  of  giving  an  imperfect  fixation 
and  impregnating  almost  exclusively  cell-bodies  and  dendrites. 
It  is  not  good  for  the  large  cells  of  adults,  but  excellent  for 
small  and  medium  cells  of  newborn  or  very  young  subjects, 
and  for  very  early  embryos  in  general. 

Formula  la  A. — As  last,  but  with  nitrate  of  silver  of  3  to 
6  per  cent. 

DoaiEL  {Anat.  Anz.,  XXV,  1904,  p.  558)  finds  this  method 
gives  resultis  not  attainable  by  other  means  in  the  study  of 
the  corpuscles  of  Grandry  (stoving  for  four  to  six  days). 
Similarly  Kolmek  {ibid.,  xxvi,  1905,  p.  560)  with  epiderm  of 
Lumhricus,  etc. ;  and  other  authors  for  the  ganglionic  cord 
of  Hirudinea. 

Formula  la  B. — As  before,  but  nitrate  bath  of  only  0-75 
per  cent.,  and  very  small  pieces  of  tissue,  preferably  embryos 
and  newborn  subjects.  Poor  fixation,  much  shrinkage,  but 
vigorous  stain  of  neurofibrils,  of  nucleolar  granules,  and  of 
the  intra-nuclear  rodlet  of  Roncoroni. 

Formula  la  C, — As  before,  but  silvering  in  nitrate  of  2  per 
cent,  with  one  fourth  of  absolute  alcoliol  or  acetone  added. 
Better  fixation  than  pure  nitrate.  Grives  results  very  similar 
to  those  of  la  with  dog,  cat  and  rabbit,  and  better  results 
with  human  cerebrum  and  cerebellum. 

Formula  2a. — Fixation  for  24  hours  in  alcohol  of  96  per 
cent.  Tissues  not  washed,  but  mopped  with  blotting- 
paper,  and  put  into  nitrate  of  silver  of  1'5  per  cent,  for 
seven  days  at  35°  C,  or  six  days  ;it  40°  C.     The  rest  as 
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Formula  la  *  Grood  impregnations  of  nerve-centres  of  adults, 
of  peripheral  nerve-endings,  of  regenerating  nerves,  and  of 
early  embryos  and  of  young  fishes.  Impregnates  medullated 
(and  many  non-medullated)  fibres  (black),  large  and  medium 
neurones  (fibrils  brown),  the  basket  fibres  of  cells  of 
Purkinje,  the  granular  layer,  and  in  the  cerebrum  large  and 
medium  pyramidal  cells  and  nerve-fibres.  Results  fairly 
constant,  but  sometimes  showing  a  granular  precipitate  of 
unknown  origin. 

To  hinder  this  precipitate,  and  at  the  same  time  to  hasten 
the-  impregnation,  it  is  well  to  add  to  the  alcohol  certain 
substances  which  Ramon  calls  "accelerators."  Such  are 
chloral  hydrate,  veronal,  pyridin,  nicotin,  ethylamin,  anti- 
pyrin,  and  others. 

Hypnotics,  particularly  veronal  and  chloral,  and  in  a  less 
degree  pyridin  and  ammonia,  also  act  as  rey«re?iftio)-.s,  reviving 
the  susceptibility  of  impregnation  which  has  been  lost  by 
tissues  that  have  lain  too  long  in  alcohol.  Ramon  has  thus 
succeeded  with  pieces  of  cerebrum  and  cerebellum  that  had 
been  half  a  year  in  alcohol. 

Formula  2a  A.— Fixation  for  24  to  48  hours  in  alcohol 
of  90  per  cent,  with  2  per  cent,  of  hydrate  of  chloral  added. 
Silver  bath  of  1'5  per  cent,  for  five  days  in  the  stove.  The 
rest  as  usual.  Veronal  (same  proportion)  gives  the  same 
result,  as  do  also  sul^ihonal,  trional,  hedonal,  etc.  The  results 
are  very  constant.     Medullated  fibres  well  shown. 

Formula  2a  B. — Fix  (time  not  stated)  in  alcohol  with  10  to 
20  per  cent,  of  pyridin,  wash  for  some  hours  in  pure  alcohol, 
and  silver  as  usual  (5  days).    Results  regular  and  constant. 

Formula  2a  C. — Fix  for  24  hours  in  50  c.c.  of  alcohol 
with  ten  drops  of  nicotin.  Mop  up  Avith  blotting  paper, 
without  washing,  and  silver  as  usual  for  five  days  (or  four  at 
40°  C).  Good  results  with  adult  tissues,  especially  sjoinal 
cord.  Good  penetration  and  less  shrinkage  than  with  pure 
alcohol. 

*  If  the  impregnation  of  inner  layers  sliould  be  too  weak,  the  sections 
may  be  toned  with — 

Water  100  c.c. 

Sulphocyanide  of  ammoniui::  .       3  gr. 

Hyposulpliite  of  sodium  .  3  ,, 

1  per  cent,  gold  chloride  a  few  drops. 
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Formula  2a  D. — Fix  I'or  24  lioiirs  in  (lUi/l  alroluil  (llio 
iiidiistrial  product  will  do).  Wash  for  sonic  liours  in 
several  changes  of  water.  Put  for  a  day  into  50  c.c.  of 
alcohol  with  4  drops  of  ammonia.  Silver  for  4  days  at 
35°  to  38°  C,  and  reduce  as  usual.  Good  for  human  tissue.Sj 
especially  fibre  plexuses  of  cerebrum  and  cerebellum. 
Instead  of  allyl  alcohol  yon  may  take  acclal  or  aceton.  Put 
for  six  hours  into  aceton  with  25  per  cent,  of  water^  then  for 
24  into  pure  aceton. 

Formula  3a. — Fixation  in  annnoniacal  o.lcohol  for  20  to  48 
hours.  The  most  generally  useful  formula  is,  50  c  c.  of 
alcohol  of  96  per  cent,  with  four  to  five  drops  of  ammonia 
(of  22°  strength).  But  for  cerebrum  not  more  than  one  to 
three  drops :  for  cerebellum,  ganglia,  spinal  cord  and 
regenerating  tracts,  four  drops  :  for  neurofibrils  of  the  large 
neurons  of  tlie  bulb  and  cord,  nine  to  ten  drops.  To  avoid 
shrinkage,  it  is  well  to  begin  by  putting  for  six  hours  into 
alcohol  of  70  per  cent.,  then  85  per  cent,  without  ammonia, 
then  for  the  rest  of  the  time  into  the  ammoniacal  alcohol. 
Do  not  icofli,  but  mop  np  with  blotting  paper  before  putting 
into  the  silver.  Silver  for  four  to  four  and  a  half  days 
(small  specimens)  at  40°  0.,  or  medium  to  large  (3  to  4  mm. 
thick)  for  5  da,ys  at  32°  to  35°  C.  So  long  as  the  tissues  are 
only  yellowish-white,  they  are  not  ripe  for  reduction  ;  light 
grey  indicates  ripeness  ;  dark  grey  over-ripeness.  Eeducoas 
formula  la. 

Specimens  may  be  decalcified,  after  i-educing  and  washing, 
conveniently  in  alcohol  of  96  per  cent,  with  a  few  drops  of 
nitric  acid. 

For  delicate  impregnation  of  fibrils  of  the  soma  of  large 
and  medium  neurones,  this  formula  is  superior  to  all  others. 
It  gives  good  results  with  the  majority  of  nerve  centres,  and 
is  particularly  good  for  non-meduUated  fibres,  peri-cellular 
baskets  of  cerebellum,  buds  of  Held  and  Auerbach  in  the 
oblongata,,  for  human  sympathetic,  and  for  the  study  of 
regenerating  elements. 

Formula  3a  A.— Fix  in  50  c.c.  of  alcohol  with  10  grm.  of 
glycerin  and  six  to  ten  drops  of  ammonia.  Good  for  retina., 
non-medullated  fibres,  and  especially  the  buds  of  Held  and 
Auerbach. 

Formula  3a  B.— Fix  in  50  c.c.  of  alcoliol  wilh  1-5  c.c.  of 
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33  per  cent,  alcoholic  solution  of  othylamive.     Results  tlie 
same  as  with  ammoniacal  alcohol. 

Formula  4a.— Pieces  of  tissue  of  not  move  than  4  mm.  in 
thickness  are  fixed  for  six  to  twelve  hours  in  formol  of  15 
per  cent.  Wash  for  six  or  more  hours  in  running  water.* 
Put  for  24  hours  into  50  c.c.  of  alcohol  with  five  drops  of 
ammonia.  Wipe  with  blotting  paper,  silver  for  5  days  (or 
four  if  the  stove  is  at  38°  to  40°  C).  The  rest  as  usual. 
Sharp  impregnation  of  the  finer  fibres  of  nerve  centres,  and 
of  the  terminal  buds  of  pericellular  nests.  Adult  tissues 
give  better  results  than  young  ones.  Energetic  stain  of  the 
arborisations  of  the  mossy  fibres  of  the  cerebellum. 

Formula  4a  A.— Fix  in  "  a  mixture  of  formol  and  alcohol." 
Wash  out  thoroughly  with  running  water,  and  silver  and 
reduce  as  usual.  Fixation  more  i-apid  and  better,  results 
similar  to  those  of  3a. 

Formula  5a.— Small  pieces  put  first  for  6  to  8  hours 
into  a  mixture  of  equal  parts  of  distilled  water  and  pyridin, 
then  for  18  to  24  hours  into  pure  pyridin .  Wash  for  several 
hours  in  running  water,  and  put  for  a  day  into  alcohol  of  90 
per  cent.  Wipe,  and  put  for  4  to  5  days  into  the  silver  at 
35°  to  38°  C,  and  reduce  as  usual.  Not  very  good  for  adult 
organs,  but  superior  to  all  others  for  the  earliest  phases  of 
neurogenesis,  and  good  for  regenerative  processes. 

Formula  6a.— Put  for  24  hours  into  50  c.c.  of  water  with 

0  grms.  of  hydrate  of  chloral,  rinse  and  put  into  50  c.c.  of 
alcohol  of  96  per  cent,  with  five  drops  of  ammonia  (time  not 
stated).  Wipe  with  blotting  paper  and  put  for  4  to  5  days 
at  35°  to  38°  C.  into  niti-ate  of  silver  of  I'S  per  cent,  and 
reduce  as  usual.  Results  very  constant,  without  shrinkage. 
Stains  perfectly  the  fine  plexu.ses  of  cerebrum,  bulb  and 
cord,  the  Purkinje  baskets  and  mossy  fibres  ;  also  motor 
plates.  Nuclei  sufficiently  stained  to  enable  cells  to  be  easily 
i-ecognised.     Good  for  regenerating  nerves. 

Formula  6a  A. — Fix  for  24  hours  in  chloral  of  10  per  cent., 
wash  for  6,  and  put  direct  into  the  silver.  Stove  four  days. 
Results  similar  to  those  of  la.  Medullated  fibres  well 
stained. 

*  If  formol  (or  pyridin  or  the  like)  he  not  thoroughly  removed  hy 
washing,  the  stain  will  he  weakened,  and  of  a  light  reddish  tone.  (But 

1  am  not  clear  that  this  vigorous  washing  out  is  altogether  advisable.'* 
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Formula  7a. — Fix  fov  24  lioiirs  in  Merck's  Jihiv-lyslv, 
wash  for  6^  put  for  24  into  50  c.c.  of  alcohol  with  five  drops 
of  ammonia.     '^J'he  I'esfc  as  usual. 

Instead  of  fibrolysin^  lysidin  may  be  taken. 

Application  of  the  Foregoing  Methods  to  Different  Ohjecl.^  of 

8tiidy. 

(1)  'Eov  the  study  of  the  evolution  of  neuroblasts  and  nerve 
fibres  in  very  early  emhryos,  it  is  absolutely  necessai-y  to  avoid 
fixing  with  forniol,  or  alcohol  with  an  accelerator,  or  ani- 
iiioniacal  liquids.  The  best  formulao  are  2a  and  5a.  Applic- 
able to  all  vertebrates,  but  preferably  to  embryos  of  birds 
and  fishes. 

(2)  For  late  emhryos  and  faHi  of  mammals. — Besides  the 
above,  3a,  6a  and  alcohol  with  an  accelerator.  Best  subjects, 
embryos  of  chick  from  the  fifth  day,  and  of  rabbit  from  the 
tenth  to  the  twelfth.  Or  newborn  bird.s,  with  ammonia 
alcohol  or  5a. 

(3)  For  symimthetic  gangliit. — Formula  3a,  or  pure  alcohols 
or  4a  and  5a.  Best  with  man.  Dog,  cat,  and  rabbit  give 
mostly  weak  reactions.  The  visceral  ganglia  are  the  most 
difficult. 

(4)  Sensory  ganglia. — Formula  2a,  or  3a.  Easy. 

(5)  Cerebelhun. — The  most  favourable  of  all  nerve  centres. 
For  Purkinje  cells,  la  or  3a.  For  the  baskets,  climbing 
fibres,  and  medium  and- small  dendrites,  2a,  or  its  variants. 
For  terminal  rosettes  and  collaterals  of  mossy  fibre.?,  and  for 
the  plexuses  of  the  granular  layer,  4a,  or  sometimes  5a  or  6a. 
For  the  stellate  cells  of  the  molecular  layer,  2a  and  3a,  on 
the  dog. 

(6)  Gerebrim. — In  general,  the  same  formulfe  as  for  the 
cerebellum,  especially  la,  for  pyramids  of  young  dogs  and 
cats  (of  eight  to  twenty  days).  In  formula  3a,  the  propor- 
tion of  ammonia  should  be  diminished.     For  fine  plexuses, 

4a,  5a,  and  6a. 

(7)  Sjrinal  cord  and  bulb— AM  the  formulas  are  applicable. 
For  neurofibrils  of  motor  cells  the  best  subject  is  the  dog 
of  four  to  fifteen  days,  with  formula  3a,  with  a  large  dose  of 
ammonia  (ten  drops).  Also  the  alcoholic  fixatives  with  an 
accelerator.     For  medullated  fibres,  large  and  small,  2a  or 
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6ii.  For  buds  of  Hold  and  Aiiorbacli,  and  for  fine  plexuses, 
4a,  Oil  A,  or  5a. 

(8)  Ganglia  of  Invertebrates.— Yov  the  medicinal  leech 
(not  for  other  leeches),  la  with  3  to  6  per  cent,  of  nitrate. 
For  Haimopiti,  Aulustomum,  Fontohdella  and  Glossiphonia,  2a 
or,  better  3a,  with  not  more  than  two  to  five  drops  of 
ammonia,  and  silver  of  3  per  cent.,  three  to  three  and  a  half 
days. 

For  further  details  see  Sanchez  in  Trah.  Lab.  Invent. 
Biol.  Madrid,  vii,  1909,  p.  31,  or  Zeit.  wiss.  Mile,  xxvii, 
1910,  p.  392. 

TMmbrims  is  generally  refractory  to  Ramon's  methods. 
BouLE  {Le  Nevraxe,  x,  1909,  p.  15)  obtains  good  impregna- 
tions by  acidifying  the  fixatives.  He  takes  (A)  formol  of  25 
per  cent,  with  5  per  cent,  of  acetic  acid,  or  (B)  the  same 
with  0-5  per  cent,  of  ammonia  added,  or  (C)  100  c.c.  alcohol, 
25  c.c.  formol,  5  c.c.  acetic  acid  and  0-5  c.c.  ammonia.  These 
results  are  confirmed  by  Kowalski,  La  Cellule,  xxv,  1909,  p. 
292,  who  also  gets  impregnations  by  simply  starving  worms 
for  several  days,  or  exposing  them  to  cold  (—5°  C.)  for  a 
quarter  of  an  hour. 

(9)  Regenerating  nerve  tissue. —  For  nerves  operated  a 
month  or  more  previously,  2a  or  3a  with  not  more  than  three 
drops  of  ammonia  will  stain  equally  the  old  and  the  new 
fibres.  For  nerves  operated  not  more  than  two  to  ten  days 
previously,  3a  with  4  to  6  drops  of  ammonia,  5a  with  pyridin 
and  4a,  also  sometimes  6a.  For  regenerations  in  cord, 
cerebrum  and  cerebellum,  3a  with  three  drops  of  ammonia,  or 
5a  with  pyridin,  or  pui'e  alcohol. 

769.  Variants  of  Ramon's  Methods.— Bbsta  {Riv.  Path.  Nerv. 
Meni.,  Firenze,  xv,  1910,  p.  333)  fixes  for  48  hours  in  alcohol  tvilh  5  j^er 
cent,  nitric  acid,  neutralises  in  alcohol  with  ammonia,  and  silvers  and 
reduces  as  Ramon. 

Kato  (Folia  Neurohiol.,  ii,  1908,  No.  3 ;  Zeit.  wiss.  Mih:,  xxvi,  1909, 
p.  281)  fixes  in  formol  of  10  to  15  per  cent.,  and  silvers  for  one  to  five 
days  at  35°  C.  in  5  per  cent,  argentamin  to  which  has  been  added 
nitrate  of  silver  of  3  per  cent,  in  excess,  and  reduces  in  10  per  cent, 
formol  with  1  per  cent,  of  hydroquinon. 

PtrsATEEi  {Arch.  Path.  Anat.,  195  Bd.,  1909,  p.  547)  fixes  for  three  to 
six  days  at  35°  to  38°  C.  in  a  mixture  of  45  c.c.  of  tachiol  (10  per  cent, 
solution  of  fluoride  of  silver)  with  155  of  water,  rinses  and  reduces  for 
24  hours  in  formol  of  5  to  10  per  cent,  with  1  to  2  per  cent,  of  hydrc- 
quinon.    He  tones  the  parafiin  sections  in  10  c.c.  of  water  with  2 
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droits  of  acetio  iioid  and  five  ut'  1  per  cent,  gold  chloride,  and  fixes  with 
hypoaulphite  of  soda  of  5  per  cent. 

LiESEGANO  {KuUuidchcmiu,  Beihefte,  iii,  1911,  H.  7  ;  Zuit.  wiss.  Mile, 
xxviii,  1912,  p.  makes  scctiuns  of  formol  material  Ijy  the  frecziinj 
27roco8S,  and  silveris  them  until  yellow.  He  then  adds  to  the  silver  hath 
au  ecpial  volume  of  50  per  cent,  solution  of  gum  arable  and  the  same 
amount  of  saturated  solution  of  hydroquinon.  After  one  or  two  min- 
utes the  sections  are  Ijrought  into  10  per  cent,  solution  of  hyposulphite 
of  sodium,  washed  and  mounted.  Results  said  to  be  the  same  as  by  the 
usual  process. 

770.  BiJSLBCHOWSKv's  Methods  (Bielschowsky  and  WoLpy, 
BioL  Genlralh.,  xxv,  1905,  p.  683).— Objects  of  not  more 
than  2  mm.  in  tliicltness  are  fixed  in  naidral  formol  of  6  to  10 
per  cent,  (time  not  stated),  washed  out  well  with  distilled 
water,  and  put  for  at  least  two  days  into  nitrate  of  silver  of 
2  per  cent,  in  the  dark.  Wash  for  a  few  minutes,  and  put 
for  half  an  hour  to  several  hours  into  a  bath  made  as 
follows  :— To  nitrate  of  silver  of  10  per  cent,  add  drop  by 
drop  40  per  cent,  solution  of  caustic  soda  until  no  further  pre- 
cipitate is  formed  (this  will  be  about  5  drops  to  10  c.c), 
dissolve  the  precipitate  almost  entirely  in  just  enough 
ammonia,  filter  and  add  4  to  5  vols,  of  water.  The  solution 
will  only  keep  for  a  few  hours.  After  this  bath,  wash  again, 
put  for  1  to  6  hours  into  formol  of  4  to  5  per  cent.,  dehydrate 
and  bring  through  xylol  into  paraffin.  Sections  are  toned 
on  the  slide  for  1  to  2  hours  in  chloride  of  gold  of  one  tenth 
to  one  twentieth  per  cent,  (which  it  is  well  to  neutralise  with 
lithium  carbonate),  rinsed,  fixed  for  5  to  15  minutes  in  hypo- 
sulphite of  soda  of  5  per  cent.,  washed  for  6  to  12  hours  m 
running  water  and  mounted  in  balsam. 

If  nuclei  take  the  impregnation,  the  fibril  stain  will  not 
have  succeeded,  but  there  may  be  a  useful  stain  of  other 
elements,  especially  tigroid  matter. 

ScHLEMMEit  {Zeit.  wiss.  3Iih.,  xxvii,  1910,  p.  22)  makes  the 
oxide  bath  by  adding  the  caustic  soda  in  excess,  and  washing 
the  precipitate  by  repeated  decantations  until  the  wash  water 
no  longer  gives  an  alkaline  reaction,  takes  it  up  with  ammonia 
and  filters  through  spun  glass,  and  thus  obtains  a  solution 
which  will  keep  for  several  days.  I  find  the  filtering  is  not 
necessary. 

For  older  forms  of  this  method  see  lad  ed.,  and  Neur. 
GcnLralh.,  xxiii,  1903,  p.  977,  and  xxiv,  1904,  p.  387  (the 
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toning  bath  is  liore  10  c.c.  ot:  Wcitor  witli  2  Lo  3  ili-opd  I 
per  cent,  gold  chloride,  and  2  to  3  oF  acetic  acid. 

BiKLSCHOVvsKY  {Jourii  Ps}jch.  NrAirol.,  xii,  1909,  p.  135  ; 
Zeil.  loiss.  il/i/c,  xxviii,  1911,  p.  226)  also  lias  a  method  with 
pjjridiii.  Formol  material,  up  to  one  cubic  ceutimetrc  lor 
adult  tissue,  and  up  to  5  centimetres  long  for  embryos,  is  put 
for  3  to  4  days  into  pyridin,  washed  for  some  hours  in 
several  changes  of  distilled  water,  and  put  for  3  to  5 
days  into  nitrate  of  silver  of  3  per  cent,  at  a  tempera- 
ture of  36  C.  It  is  then  put  for  24  hours  into  an  oxide 
bath  made  as  follows  :  Precipitate  5  c.c.  of  20  per  cent,  solu- 
tion of  silver  nitrate  by  5  drops  of  caustic  soda  of  40  per 
cent.,  dissolve  in  ammonia,  q.  s.^  add  100  c.c.  of  water  (and, 
to  hinder  formation  of  precipitates  in  the  tissues,  a  few  drops 
of  ammonia).  After  this  bath,  wash  for  a  couple  of  hours  in 
many  changes  of  distilled  water,  and  reduce  in  formol  of 
20  per  cent.,  dehydrate  and  make  paraffin  sections.  These 
may  be  toned,  but  there  is  not  much  gained  by  it. 

He  also  {ibid.)  makes  sections  by  the  freezing  method,  of 
formol  material,  and  puts  them  for  24  to  48  hours  into 
pyridin,  and  washes  them  out  well  with  water  as  before. 
They  are  then  put  for  24  hours  (or  more)  into  3  per  cent, 
solution  of  nitrate  of  silver  at  the  normal  temperature  ;  then 
into  the  oxide  bath  prepared  as  before,  but  with  only  20  c.c. 
of  water  instead  of  100,  and  without  addition  of  ammonia 
(the  bath  orfght  not  to  contain  an  excess  of  ammonia  recog- 
nisable by  the  smell).  They  remain  in  this  until  yellowish- 
brown,  but  not  more  than  half  an  hour,  are  well  washed,  and 
reduced  in  formol  of  20  per  cent.  They  are  then  toned 
with  gold  and  fixed  with  hyposulphite  as  described  ante. 

By  these  pyridin  methods  intra-cellular  fibrils  are  generally 
not  so  well  shown  as  by  the  older  method,  but  axis  cylinders 
come  out  better,  and  glia  remains  unstained.  The  method 
succeeds  even  with  material  that  has  been  for  years  in  acid 
formol,  and  gives  a  uniform  impregnation  of  entire  blocks 
f  tissue. 

ScHUTZ  {Neurol.  Zentiulb.,  xxvii,  1908,  p.  909)  finds  that 
the  times  given  by  Bielschowsky  are  too  short— which  is  not 
at  all  my  experience.  For  toning,  he  puts  the  sections  for 
10  minutes  into  10  c.c.  of  water  with  two  drops  of  acetic 
acid,  then  for  30  to  45  into  10  c.c.  of  water  with  three  drop 
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of  .1  per  cent,  gold  clilorido  (until  blacki.sh-grc7) .  Ho  fixua 
for  3  to  5  minutes  in  10  c.c.  oL"  sodium  liyi^jsulpliitu 
of  o  per  cent,  with  one  drop  of  acid  sodium  sulpliiLe,  and 
washes  out  for  24  hours  in  distilled  water. 

Paton  {Mitth.  Zoul.  Stuf.  Neapel,  xviii,  1907,  p.  576)  fixes 
fish  embryos  in  4  per  cent,  formol  neutralised  with  carbonate 
of  magnesia,  makes  both  silver  baths  only  J  to  1  per  cent, 
strong,  washes  with  weak  acetic  acidj  and  reduces  in  10  c.c. 
of  1  per  cent,  hydroquinon  with  1  c.c.  of  formol.  After 
toning,  he  stains  with  1  per  cent,  solution  of  eosin  in 
absolute  alcohol. 

Sand  [G.  B.  Ass.  Aiutt.  Bruxelles,  1910;  Bihlwjr.  anat. 
Sui^p.,  1910,  p.  128)  gives  the  following  as  entirely  certain 
for  man,  dog,  cat  and  rabbit.     Specimens  of  not  more  than 
5  nmi.  in  thickness   are  fixed  for  48  hours  in  a  freshly 
prepared   mixture   of    90    parts  of    acetone    and    10  of 
nitric  acid  (change  for  fresh  after  half  an  hour  and  once 
again  within  24  hours).     Wash  out  for  at  least  6  hours  in 
pure  aceton,  changed  two  or  three  times.     Make  paraflSn 
sections,   and    silver  for  three   days  at  about  37°  C.  in 
20  per  cent,  solution  of  silver  nitrate.     Put  for  ten  minutes 
into  a  mixture  (at  least  three  days  old)  of  1000  parts  of 
water,  10  of  acetate  of  sodium,  5  of  gallic  acid,  and  3  of 
tannin  (to  be  changed  if  it  becomes  turbid).     Mount  at  once 
or  tone  until  grey  (five  minutes)  in  80  parts  of  water  with 
17  of  2  per  cent,  solution  of  sulphocyanide  of  ammonium  and 
3  of  2  per  cent,  solution  of  gold  chloride,  and  fix  for  a  few 
seconds  in  5  per  cent,  solution  of  hyposulphite  of  soda. 
Neurofibrils  grey-violet,  shown  in  cells,  dendrites  and  axones. 
Terminal  buds  of  Held  also  clearly  shown,  and  nothing  else 
stained.  You  may  after-stain  in  any  way,  even  with  Weigert's 
or  Benda's  neuroglia  stain. 

BOEKE  [Anat  Anz.,  xxxv,  1909,  p.  136)  says  that  Bielscliowsky-s 
method  will  succeed  after  many  kinds  of  fixation,  even  that  by  picro- 
sulphm-ic  acid.  For  embryos  he  finds  the  best  is  10  parts  of  formol  to 
90  of  60  per  cent,  alcohol,  the  objects  being  washed  out  with  pure 
formol  of  10  to  12  per  cent,  until  all  the  alcohol  is  removed,  before 

LUGABO  {Monit.  Zool.  Ital,  xv,  1S04,  p.  353)  has  a  highly  complicated 
method  with  collargol  (colloidal  silver)  which  has  not  met  with  favour. 
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771.  Neurofibrils:  Gold  Methods. — APATnv's  gold  mefcliod, 
§  371,  gives  perhaps  the  sharpest  stain  whicli  lias  yet  been 
obtained — with  certain  invertebrates,  but  onli/  loith  these: 
and  oven  with  these  it  is  difficult  and  uncerbain. 

JoBis  {Bull.  Akad.  Med.  Belg.,  April  30th,  1904)  gives  the 
following  as  being  certain.  Material  fixed  by  the  usual 
methods  is  put  for  8  to  12  hours  into  a  5  per  cent,  solution 
of  ammonium  raolybdate,  then  imbedded  in  paraffin.  The 
sections  (fixed  on  slides  by  the  water  method)  must  be 
washed  for  many  hours  or  days  in  water.  They  are  then 
treated  for  about  ten  minutes  with  a  1-5  per  cent,  solution 
of  colloidal  gold  in  water,  rinsed  and  mounted.  The  stain 
is  permanent. 

The  colloidal  gold  used  was  obtained  from  the  Chemische 
Fabrik  Heyden,  in  Radebeul- Dresden.  It  will  dissolve  in 
about  a  day. 

772.  Neurofibrils,  Molybdenum-Toluidin  Blue  (Bethe,  Zeit. 
iciss.  -  Mih.,  xvii,  1900,  p.  13).— Pieces  of  central  nervous 
system  [of  Vertebrates)  are  fixed  for  twenty-four  hours  in 
nitric  acid  of  from  3  per  cent,  to  7-5  per  cent,  strength,  and 
brought  direct  into  alcohol  of  96  per  cent,  for  a  day  or  more. 
They  are  put  for  twelve  to  twenty-four  hours  into  a  mixture 
of  one  part  of  ammonia  (of  sp.  gr.  0-95)  with  three  of  water 
and  eight  of  96  per  cent,  alcohol,  then  for  six  to  twelve 
hours  into  phre  alcohol ;  they  are  then  put  for  twenty-four 
hours  into  a  mixture  of  one  part  concentrated  hydrochloric 
acid  with  three  of  water  and  eight  to  twelve  of  alcohol,  then 
for  ten  to  twelve  into  pure  alcohol,  and  thence  for  not  more 
than  two  to  six  hours  into  water.  They  are  now  mordanted 
for  twenty-four  hours  in  a  4  per  cent,  solution  of  ammonium 
molybdate,  brought  for  24  hours  into  alcohol,  and  imbedded 
in  paraffin  {not  celloidin).  Sections  are  seriated  on  albumen 
{without  water),  then  passed  through  xylol  and  alcohol  into 
water,  and  "  differentiated  " — by  which  tbe  author  means 
washed  out— with  water.  About  1  to  1-5  c.c.  of  distilled 
water  should  be  poured  on  to  the  slide  so  as  to  form  over  the 
sections  a  layer  1-5  to  2  mm.  deep,  and  the  slide  is  put  for 
two  to  ten  minutes  into  a  stove  heated  to  not  more  than  55° 
to  60  C.  The  sections  are  then  rinsed  several  times  with 
water,  a  solution  of  one  part  of  toluidin  blue  in  3000  of 
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water  is  poured  on  to  them,  they  are  again  stoved  for  ten 
minutes,  rinsed  witli  water,  treated  with  96  per  cent,  alcohol 
till  no  more  colour  comes  away,  and  passed  through  absolute 
alcohol  and  xylol  into  xylol  balsam. 

The  method  is  also  applicable  to  invertebrates,  for  which 
other  fixations  than  nitric  acid  are  admissible,  and  the 
impregnation  with  the  molybdate  may  be  done  on  the 
sections  instead  of  the  uncut  tissues.  The  results  are  not  so 
certain  as  for  vertebrates. 

LuGAUO '(/?*«.  Pat..  New.  Ment.,  Pirenze,  x,  190.5,  p.  269)  modifies 
this  by  fixiug  in  nitric  acid  dissolved  (to  1  per  cent.)  in  aceton. 

DoNAGOio  {A)m.  Nevrol.  Napoli,  1904,  p.  161)  fixes  pieces 
not  more  than  5  mm.  thick  for  five  to  six  days  in  ivjridin, 
changed  at  least  once,  washes  in  water,  and  mordants  for 
twenty-four  hours  in  ammonium  molybdate  4  grms.,  water  100, 
hydrochloric  acid  4  drops.  Wash,  get  into  paraffin,  treat 
sections  on  slide  for  one  miiaute  with  water,  stain  for  three 
to  thirty  minutes  in  a  1  :  10,000  solution  of  ihionin,  and 
mount;  or,  better,  first  treat  again  for  fifteen  to  thirty 
minutes  with  molybdate  solution. 

Jadebholm  {Arch.  mile.  Anat.,  Ixvii,  1905,  p.  108)  finds  that  the 
pyi-idin  caxises  enormous  shi-inkage,  and  that  the  thionin  agglutinates  the 

fibrils.  , 
Pabavicini  [Boll.  Mvs.  Z.  Anat.  Comp.,  Torino,  xx,  1905,  p.  ol4) 

fixes  and  mordants  in  the  dark,  and  differentiates  after  staining  with 

extremely  weak  hydrochloric  acid. 

See  also  Tomaselli,  Zeit.  wL^s.  Mile,  xxiii,  1907,  p.  422,  and 

MONTANABI,  ibid.,  xxviii,  1911,  p.  22,  who  describes  observations  winch 

seem  to  throw  doubt  on  the  objectivity  of  the  network  described  by 

Donaggio. 

773.  Neuroflbrils,  Apathy's  Haematein  Method  (Mitth.  Zool.  Stal. 
Necpel,  xii,  1897,  p.  712).— Material  may  be  fixed  with  sublimate,  liquid 
of  Zenker,  picro-snlphuric  acid,  or  any  mixture  that  is  not  inimical  to 
staining  with  alum  htcmatoxylin,  and  shoiild  be  presei-ved  in  90  per 
cent  alcohol.  Portions  are  stained  for  at  least  forty-eight  hours  m  the 
ha3matein  solution  1  A,  §  259,  and  are  then  washed  for  up  to  twenty-four 
hours  in  ahsolidely  pure  distilled  water,  preferably  suspended  therein. 
Before  the  stain  has  become  washed  out  of  the  neurofibrils,  it  is  fixed 
therein  by  putting  the  preparations  for  three  to  five  hours  into  spring 
water  after  which  they  ai-e  put  back  for  not  more  than  two  hours  into 
distilled  water,  dehydrated  n,s  rapidly  as  possible  by  hanging  them  up 
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in  absolute'  alcohol,  and  imbedded  (tliey  must  1)e  protected  from  the 
light  whilst  in  the  chloroform  through  which  they  are  passed  into 
paraflfin,  or  whilst  in  celloidiu).  Sections  are  made  and  mounted  in  a 
resin  or  in  neutral  glycerin. 

This  method  has  given  splendid  results  with  Hirndinea  and  some 
other  invertebrates,  but  I  believe  has  not  yet  l)een  successful  with 
verteljrates. 


774.  Neurofibrils,  Berlin  Blue  (S.  Meter,  Anai.  Anz.,  xx,  1902,  p. 
535). — Material  is  best  fixed  in  10  per  cent,  formol,  then  mordanted  for 
eight  to  twenty  days  in  ferrocyauide  of  potassium  of  2^  per  cent,  (or  this 
salt  may  he  added  to  the  fixative),  then  put  for  two  to  four  days  into 
iron  aliun  of  10  per  cent.  Wash  for  several  hours,  imbed  in  paraffin,  and 
mount  sections  in  balsam.  Besides  neurofibrils,  the  sheath  of  Schwann 
and  the  constrictions  of  Ranvier  are  stained.  Like  the  Golgi  chrome- 
silver  process,  this  method  gives  a  partial  impregnation,  only  certain 
elements  taking  on  the  stain. 

775.  The  Methylen  blue  intra  vilam  method  is  important, 
see  the  processes  of  Apatuy,  Dogiel,  and  Bethe  in  Chapter 
XVI. 


776.  The  methods  of  Cox  for  the  fibrils  of  spinal-ganglion  cells,  Zeit. 
iviss.  Mile,  xiii,  1896,  p.  498,  and  Anat.  Refte,  x,  1898,  p.  98,  seem  to  be 
definitively  suj)erseded. 

777.  Golgi's  Intra-cellular  Network.— For  the  study  of 
his  apparato  relicolare  interno,  Golgi  [Verh.  Anat.  Ges.,  xiv, 
1900,  p.  174)  uses  a  mixture  due  to  Veratti,  consisting  of — 

5  per  cent,  bichromate      .        .        .30  parts 
O'l  per  cent,  platinum  chloride  .        .    30  „ 
1  per  cent,  osmic  acid       .        .    15  to  30 
and  after  hardening  therein  puts  (for  a  time  varying  from  a 
few  hours  to  ten  days)  into  a  mixture  of  1  part  of  bichro- 
mate of  3  or  4  per  cent,  with  two  of  saturated  solution  of 
sulphate  of  copper,  and  thence  into  silver  niti-ate  of  0-8  to  1 
per  cent.      See  further  Verh.  Anat.  Ges.,  xiv  Vers  1900 
p.  174. 

More  recently  {Arch.  Ital.  Biol,  xlix,  1908,  p.  272 ;  Moii. 
Z.  Ital.,  xix,  1908,  p.  263)  he  fixes  for  six  to  eight  hours  in 
a  mixture  of  equal  parts  of  20  per  cent,  formol,  saturated 
solution  of  arsenious  acid,  and  alcohol  of  96  per  cent.,  and  then 
puts  for  one  to  three  hours  (or  days)  into  nitrate  of  silver  of 
1  per  cent.  He  then  reduces  in  any  developer,  usually  20grms. 
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hydvoquinon,  5  gi-ms.  sodium  sulphite,  50  c.c.  formol  of  20  per 
cent.,  and  1000  c.c.  water.  Wash  and  imbed,  preferably  in 
colloidin.  Tone  the  sections  until  grey  in  1000  c.c.  Avater 
with  30  grms.  each  of  hyposulphite  of  soda  and  sulphocyanide 
of  ammonium  and  10  per  cent,  of  I  per  cent,  gold  chloride. 
It  is  well,  though  not  necessary,  to  treat  them  first  with  a 
solution  of  0-5  grm.  of  permanganate  of  polash  and  1  gnu.  of 
sulphuric  acid  in  1000  of  water,  and  then  with  1  per  cent, 
solution  of  oxalic  acid,  before  mounting. 

Legendre  {Anat.  Anz.,  xxxvi,  1910,  p.  209)  omits  the  toning  and  per- 
manganate, and  imbeds  in  paraffin. 

Similarly,  CoLLiN  et  Lttcien,  Bibliogr.  Anat.  Supp.,  1909,  p.  238. 

Saragnone  {Patologicn,  i,  1909,  p.  536;  Jom-n.  Boy.  Micr.  Soc,  1910, 
p.  25G)  silvers  with  a  mixture  of  30  c.c.  of  tacliioL  (10  per  cent,  solution 
of  silver  fluoride)  with  100  of  water. 

Besta  {Anat.  Avz.,  xxxvi,  1910,  p.  477)  fixes  for  two  days  in  20  parts 
of  formol  with  two  of  acetic  aldehyde  and  80  of  water,  washes  for 
twenty-four  hours  in  distilled  water  changed  7  or  8  times,  and  puts  for 
two  days  into  4  per  cent,  solution  of  ammonium  molyhdate,  makes 
paraffin  sections,  stains  in  a  1 : 1000  solution  of  tMonin,  differentiates  m 
3  pai-ts  of  creosote  to  1  of  absolute  alcohol,  and  passes  through  pure 
creosote  and  xylol  into  neutral  balsam.  Recommended  for  Purkmje 
cells  and  spinal  ganglia  of  young  subjects. 

KOPSCH  {Sitzh.  Acad.  Wiss.  Wien,  xl,  1902,  p.  929  ;  Zeit.  iviss.  Mrh, 
XX  1904  p  347)  demonstrates  it  in  spinal  ganglion  cells  as  follows;  the 
gakglia  kre  pnt  for  eight  days  (or  exceptionally,  a  few  more),  into  osmic 
acid  of  2  per  cent,  and  paraffin  sections  made.  The  network  becomes 
quite  black  and  is  sharply  demonstrated,  unless  the  impregnation  has 
been  too  prolonged,  in  which  case  the  rest  of  the  cell  body  becomes 

blackened  also.  .  i  ,  j-  „ 

Sjoyall  {Anat.  Hefte,  xxx,  1906,  p.  362)  fixes  m  formol  before  tieat- 

ing  with  the  osinio  acid. 

778.  Medullary  Sheath  (Nemoceratin,  etr.).-Goi.Gi  (quoted 
from  Rezzonico,  Arch,  per  U  Sci.  mcd.,  iv,  18/0,  p. 
puts  pieces  of  ^-^ival  cord  into  2  per  cent,  solution  of 
bichromate  of  potash,  for  eight  to  fifteen  days  in  summer,  or 
a  month  in  winter.  Wash,  and  put  into  0v5  per  cent, 
solution  of  nitrate  of  silver,  for  two  or  three  days  m  summer, 
or  eight  or  ten  or  more  in  winter.  Pass  through  alcohol  into 
oil  of  turpentine,  tease  therein,  and  mount  in  damar^  Expose 
to  sunlight  therein  for  eight  to  ten  days;  or  to  diffused  day- 
light for  twenty  to  forty  days.  Demonstrates  funnels  and 
spirals. 
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For  jyeiipheral  ncrvos,  Goi,Gi  [Ud-/.,  p.  288)  pubs  pieces 
into  tlie  Licliromate  for  from  four  hours  to  at  most  two 
days,  passing  specimens  at  intervals  into  tlie  silver,  wliero 
they  remain  for  twelve  to  twenty-four  hours.  Wash  in 
several  changes  of  alcohol,  tease  therein,  and  pass  through 
oil  of  turpentine  into  damar.  Eeduce  therein  in  direct  sun- 
light for  a  few  days  or  weeks.     The  preparations  keejJ  loell. 

He  also  {ibid.,  p.  238)  puts  pieces  into  a  mixture  of  10 
parts  2  per  cent,  bichromate  with  2  of  1  per  cent,  osmic  acid, 
and  passes  them  on  into  the  silver  at  intervals  of  three  hours, 
after  the  first  four,  during  twenty-four  hours.  The  silver  is 
of  0*5  per  cent,  strength,  and  the  pieces  remain  in  it  for 
any  time  not  less  than  eight  hours.  The  rest  as  before. 
Kesults  somewhat  more  precise,  but  the  stain  does  not  keep 
in  damar.  It  is  important  that  the  nerve  should  nut  have 
been  stretched. 

Sala  {Verh.  Anal.  Ges.,  1900,  p.  176)  employs  the  method 
of  Veratji  for  the  intracellular  network,  last  §. 

See  also  concerning  these  methods  Monuino,  op.  cit.,  viii, 
p.  45,  and  Petrone,  Intern.  Munatuscln:  Anat.,  v,  1888. 

Galli  (Zelt.  wi.s.s.  Mile,  iii,  188G,  p.  4-67)  puts  for  eighteen 
to  twenty  days  into  solution  of  Miiller,  then  stains  for  fifteen 
to  twenty  minutes  in  aqueous  solution  of  China  blue,  washes 
out  in  alcohol,  clears  in  essence  of  tur[;entine,  and  mounts  in 
damar. 

Platneu  \Zeit.  ivitm.  Mik.,  vi,  1889,  p.  186)  fixes  for 
several  days  in  a  mixture  of  1  part  of  Liq.  Ferri  Perchlor. 
(Pli.  G.,  ed.  2)  and  15  to  4  parts  of  water  or  alcohol,  washes 
out  well  in  water  and  stains  for  .several  days  or  weeks  in  a 
concentrated  solution  of  "  Echtgriin "  in  75  per  cent, 
alcohol.     See  also  Beek,  Jahrh.  Ftnjrhiairii',  ii,  1893,  1  Heft. 

Cos.  {Anat.  Hefte,  i,  1898,  p.  75)  fixes  nerves  in  osmic  acid 
of  2  per  cent,  (rabbit)  or  1  per  cent,  (frog),  washes,  de- 
liydrates,  clears  with  bergamot  oil,  and  mounts  in  balsam. 
The  bergamot  oil  dissolves  out  the  myelin,  and  leaves  the 
neuroceratin  visible.  It  may  be  necessary  to  leave  the 
nerves  for  forty-eight  hours  in  the  oil. 

Corning  {Anat.  Anz.,  xvii,  1900,  p.  309)  studies  the  net- 
work in  the  ischiatic  of-  the  frog  on  sections  of  sublimate 
material  strongly  stained  with  iron  haamatoxylin. 

See  also  Kaplan  {Arch.  L'tiijchiatr.,  xxxv,  1902,   p.  825  ; 
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Zeit.  W'idn.  Mik.,  xix,  l!)03j  j).  50^() — sections  stiiiiicd  witli 
Siiiirefuclisin  iuid  differentiated  by  llie  metliud  of  Pai,. 

GicuOELST  [La  Cellule,  v,  1889,  p.  136)  lias  tlie  following: 
(«)  A  nerve  is  treated  with  liquid  uf  Pkhknyi,  either  pure  or 
with  addition  of  a  trace  of  osniic  acid,  and  examined  in 
glycerin.  By  this  treatment  the  myelin  loses  its  excessive 
refractivity  and  the  network  comes  ont  clearly.  {h)  Silver 
nitrate.  Good  imnges,  but  uncertain,  (c)  Treatment  willi  a 
mixture  of  osmic  acid  of  1  per  cent,  and  abiiolute  alcohol. 
The  network  comes  out  black. 


CHAPTER  XXXIir. 


MYELIN  STAINS. 

779.  Iron  Hematoxylin.— I  find  the  simplest  way  to  make 
a  myelin  stain  is  to  make  paraffin  sections  of  forinol  material 
and  stain  them  Avith  iron  hasmatoxylin,  exactly  as  for  central 
corpuscles  (say  twelve  to  fourteen  hours  in  the  mordant,  six 
in  the  htematoxylin,  and  about  two  minutes  for  the  differen- 
tiation). Sections  best  not  over  15  /t.  You  may  after-stain 
the  cells  (which  are  only  grey)  with  carmalum,  but  not  for 
more  than  half  an  hour,  or  the  hajmatoxylin  will  be  attacked. 
The  stain  is  not  so  a3sthetic  as  Weigert's,  but  quite  as  sharp. 
Axis  cylinders  are  not  shown. 

Similarly  Regatjd,  C.  B.  Acad.  8ci.,  clxviii,  1909,  p.  8fil, 
but  adding  acliroiue  iiiordantage  either  concurrently  with  the 
formol  fixation,  or  subsequently. 

Also  Nageotte,  C.  n.  Sue.  Biol ,  Ixvii,  1909,  p.  542,  with 
sections  of  formol  material  by  the  freezing  method;  House i?, 
Joiirn.    Comp.   Neurol,   and   Psych,.,   x,   1901,   p.  65,  and 
BuooKOVEif,  ihid.,  xx,  1910,  No.  2;    Spielmeyer,  Neurol. 
Zentralb.,  xxix,  1910,  p.  348,  and  his  Technih.  d.  milcro. 
Untermch.  d.  Nervemystems,  1911,  p.  87,  with  sections^  of 
25  to  85  n  by  the  freezing  method ;  Loyez,  C.  B.  Soc,  Biol, 
Ixix,  1910,  p.  511,  who  differentiates  first  lightly,  till  the 
grey  begins  to  come  out,  in  the  iron  alum,  then  washes, 
and  differentiates  further  in  Weigert's  borax  ferricyanide  ; 
Gilbert,  Zeit.  wiss.  Mik.,  xxviii,  1911,  p.  279,  who  mordants 
with  iron  alum,  stains  with  molyhdic  acid  hematoxylin,  and 
dift'erentiates  Avith  the  borax  ferricyanide  ;  Stoelzner,  Hid., 
xxiii,  1906,  p.  329,  Avho  mordants  celloidin  sections  of  formol 
material  for  five  minutes  in  Liq.  ferri  sesquichlorati,  stains 
in  ha?.matoxylin  of  0-5  per  cent.,  and  differentiates  in  the 
mordant  or  in  borax  ferricyanide;  and  KoDis,  Arch.  mik. 
Anat.,  lix,  1901,  p.  211,  who  fixes  for  one  or  two  days  in 
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saturated  solution  of  cyaiiidu  of  iiiorcury,  hiinlons  in  10  \)i:v 
cent,  formol,  and  stains  sections  of  fi'ozen  material  by 
Heidenhain's  iron  lia3matoxylin. 

780.  Weigeht'b  Methods.— There  have  been  in  all  three 
methods  of  Weigert — the  1884  method,  the  1885  method, 
and  the  1891  method. 

The  1884  method  [Fortischr.  d.  Med.,  1884,  pp.  113,  190; 
Z&it.  wiss.  Mile,  1884,  pp.  290,  564),  which  depends  on  tlie 
formation  of  a  chrome  lake  of  haematoxylin,  may  be  con- 
sidered to  be  superseded.  Not  so  tlie  two  others,  whicli 
depend  on  the  formation  of  a  copper  lake  in  addition  to  the 
chrome  lake. 

781.  Weigert's  1885  Method  {Forlschr.  d.  Med.,  1885, 
p.  136  ;  Zeit.  wiss.  M'lJc,  1885,  pp.  399,  484  ;  Evgehnissc  der 
Anatomie,  vi,  1896  [1897],  p.  10).— The  tissues  are  to  be 
hardened  in  bichromate  of  potash.  Weigert  takes  [Ergeb- 
nisse,  p.  10)  a  5  per  cent,  solution,  and  if  time  is  an  object 
hai'dens  in  a  stove.  (Other  bichromate  mixtures  will  do, 
e.  g.  Miiller's,  Kultschizky's,  Zenker's  ;  Erlicki's  is  not  to  be 
recommended.)  The  tissues  are  "ripe"  for  staining  when 
the  hardening  has  been  carried  to  a  certain  jjoint.  They 
are  first  {Ergebnisse,  p.  13)  yellow,  without  difPerentiation  of 
the  grey  matter  from  the  white ;  these  are  unripe.  Later 
they  show  the  grey  matter  light  brown,  the  white  matter 
dark  brown ;  and  these  are  ripe. 

More  lately  (ibid.,  p.  14)  he  added  to  the  Ijichromate  solution  2  per 
cent,  of  chi-ome  alum  or  of  fluoride  of  chromium,  which  hastens  the 
hardening,  so  that  small  Bpecimens  become  brown  and  ripe  in  four  to 
five  days,  without  stoving. 

After  hardening,  the  preparation  is  imbedded  in  celloidin 
(if  desired  ;  imbedding  is  not  obligatory)  and  hardened  in 
the  usual  way.  The  hardened  block  is  put  for  one  or  two 
days,  in  an  incubating  stove,  into  saturated  solution  of 
neutral  acetate  of  copper  diluted  with  one  volume  of  water. 
By  this  treatment  the  tissues  become  green  and  the  celloidin 
bluish-green.  The  preparation  may  then  be  kejjt  till  wanted 
for  sectioning  in  80  per  cent,  alcohol. 
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Sections  aro  made,  well  washed  in  water,  and  brought 
into  a  stain  composed  ot" — 

Hasmatoxylin  ....     O'Vo  to  1  part. 
Alcohol  .         .         .         .         .10  parts. 

Water   90  „ 

Saturated  solution  of  lithium  carbonate      1  part. 
They  remain  there  for  spinal  cord,  two  hours ;  medullary 
layers  of   brain,  two   hours ;  cortical   layers,  twenty-four 
hours. 

They  are  then  again  well  washed  with  water,  and  brought 
into  a  decolorising  solution  composed  of — 

Borax         .         .         .         .         .         2-0  parts 
Ferricyanide  of  potassium      .         .  2"5  „ 

Water   200-0  „ 

They  remain  there  until  complete  diiferentiation  of  the 
nerves  (half  an  hour  to  several  hours),  and  are  then  tceU 
washed  with  water  (running,  or  changed  several  times), 
dehydrated,  and  mounted  in  balsam.  They  may  be 
previously  stained,  if  desired,  with  alum-carmine  for  the 
demonstration  of  nuclei. 

The  method  is  applicable  to  the  study  of  peripheral  nerves 
as  well  as  to  nerve-centres,  and  also  to  the  study  of  lymphatic 
glands,  skin  (see  Schieffeedecker,  Anat.  Anz.,  ii,  1887,  p. 
680),  bile  capillaries,  and  other  objects. 

The  process  is  applicable  to  tissues  that  have  been  hai-dened  in  alcohol 
or  ia  any  other  way,  provided  that  tliey  he  put  into  a  solution  of  a 
chi'omic  salt  until  they  become  brown,  before  mordanting  them  in  tbe 
copper  solution. 

It  is  not  necessary  that  the  mordanting  be  done  in  bulk. 
Max  FLiiSCH  {^Zeit.  ^m■s.  Mih.,  iii,  1886,  p.  50)  prefers 
(following  Lichtheim)  to  make  the  sections  first,  and  mordant 
them  separately. 

Vassale  (quoted  from  Bayon's  HiNt.  UiitcraucUimgsmeth. 
d.  Nervensystenib-,  Wiirzburg,  1905,  p.  124)  Jirst  stains  the 
sections  in  1  per  cent.  haBmatoxylin,  for  three  to  five  minutes, 
then  puts  for  three  to  five  minutes  into  saturated  solution  of 
acetate  of  copper,  and  differentiates. 


785J.  Weigekt's  1891  Method  {Dezdnche  med.  Wocheiicchr., 
42,  1891,  p.  1184;  Zeit.  whs.  iJik,  viii,  1891,  p.  392).— The 
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iiiiitcM-iiil  is  lo  bo  liiudeiiL'd  in  bicliroinate  and  iinLeddud  in 
celloidin  (s-eo  last  §).  It  is  then  (according  to  tlio  latest  I'oi'iii 
of  tlie  process,  Encycl.  mih.  Technilc,  1903,  p.  942;  for  tlie 
earlier  form  see  last  ed.)  put  for  24  liours  in  a  stove  into  a 
solution  of  2^-  parts  of  fluoride  of  chromium,  5  of  acetate  of 
copper,  and  5  of  acetic  acid  in  100  of  water.* 

Sections  are  then  made  and  stained  for  from  four  to 
twenty-four  hours  at  the  temperature  of  the  room  in  a 
freshly  prepared  mixture  of  9  vols,  of  (a)  a  mixture  of 
7  c.c.  of  saturated  aqueous  solution  of  carbonate  of  lithium 
with  03  c.c.  of  water,  and  1  vol.  of  (u)  a  solution  of  1  grm.  of 
hajmatoxylin  in  10  c.c.  of  alcohol  (a  and  b  may  be  lfe]it  in 
stock,  but  A  must  not  be  too  old).  The  sections  should  be 
loose  ones,  and  not  thicker  than  0-025  mm.  They  are  then 
washed  in  several  changes  of  water,  and  treated  with  90  per 
cent,  alcoliol,  followed  by  carbolic-acid-and-xylol  mixture 
(for  a  short  time  only),  or  by  a  mixture  of  2  parts  of  anilin 
oil  with  1  of  xylol,  then  pure  xylol  and  xylol  balsam  (not 
chloroform  balsam) . 

It  was,  however,  found  that  preparations  thus  made, 
ti-ithout  differentiation,  did  not  keep  well,  and  Wejgeet 
{Ergehnisse  d.  Anal.,  iii,  1894,  p.  21)  reverted  to  the  practice 
of  differentiating  witb  the  borax-ferricyanide  mixture,  last  §. 

Later  still  [Encyd.  viih.  Technilc,  1903,  p.  942)  he 
employed  a  stain  composed  of  equal  parts  of  (a)  a  mixture 
of  4  c.c.  of  the  officinal  Liquor  f err i  s(  squichkrali  with  96  of 
water,  and  (b)  a  mixture  of  10  c.c.  of  10  per  cent,  solution 
of  hasraatoxylin  in  alcohol  with  90  of  96  per  cent,  alcohol. 
The  two  must  be  mixed  immediately  before  use,  and  the 
sections  should  remain  in  the  stain  over  night  or  longer,  then 
be  rinsed  and  differentiated  as  usual.  This  has  the  advantage 
of  demonstrating  very  fine  fibres,  and  of  giving  a  colourless 
ground. 

For  difficult  objects  the  differentiating  liquid  may  be 
diluted  witli  water,  and  gives  better  results  than  dilute 
acetic  or  hydrochloric  acid  or  the  like,  which  were  formerly 
recommended. 

Formol  material  may   {Ergehnisse,  vi,   1897,  p.    14)  be 
*  Instead  of  tlie  chromium  fluoride,  you  may  take  chrome  alum,  ae 
Weigert  did  at  oue  time,  and  as  some  still  do.     But  then  you  must  boil. 
as  directed  for  Weigert's  Neuroglia  stain,  §  838. 
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employed  il'  mordanted  till  brown  (four  or  five  days)  in  5  per 
cent,  solution  of  bichromate  with  2  per  cent,  of  cliroiniuin 
fluoride. 

P.  Meyeb  {Nevrol.  Zmtrulh.,  xxviii,  1909,  p.  353;  Zcit.  iriss.  Mih, 
xxvi,  1909,  p.  488)  imbeds  trnd  ciits  before  putting  into  the  copper  fluid. 

Modifications  of  Weigert's  Method. 
783.  Pal's  Method  {Wien.  med.  Jahrh.,  1886  ;  Zeit.  ivins. 
Mih.,  W,  1887,  p.  92 ;  Med.  Jahrb.,  1887,  p.  589  ;  Zeit.  iciss. 
Mik.,  1888,  p.  88). — You  proceed  at  first  as  in  Weigekt's 
process,  but  oviittincj  the  copper  lath,  and  you  stain  as  in 
Weigebt's  process.  After  staining  in  the  hasmatoxyhn 
solution  the  sections  are  washed  in  water  (if  they  are  not 
stained  of  a  deep  blue  a  trace  of  lithium  carbonate  must  be 
added  to  the  water).  They  are  then  brought  for  twenty  to 
thirty  seconds  into  0'25  per  cent,  solution  of  permanganate 
of  potash,  rinsed  in  water,  and  brought  into  a  decolouring 
solution  composed  of — 

Acid.  Oxalic,  pur.        .        .        •        ■  1"0 
Potassium  Sulphite*   (Kalium  Sulfuro- 

smn  [SO3K.])       ....  1-0 

Aq.  Dest.    .       "   200-0 

In  a  few  seconds  the  grey  substance  of  the  sections  is  de- 
colourised, the  white  matter  remaining  blue.  The  sections 
should  now  be  well  washed  out,  and  may  be  double-stained 
with  Magdala  red  or  eosin,  or  (better)  with  picrocarmine  or 
acetic-acid-carmine. 

Pai/s  process  gives  brilliant  results,  the  ground  of  the 
preparations  being  totcilly  colourless.  Weigeet  {Ergehnisse, 
vi,  p.  21)  considers  that  for  very  thick  sections  it  is  superior 
to  his  own.     But  it  is  not  so  safe  for  very  fine  fibres. 

Marcus  stains  hj  the  Pal  nietliod  sections  of  material  hardened  in 
formalin,  as  described  §  741. 

GuDDEN  {Nevrol.  Centralb.,  xvi,  1897,  p.  24)  makes  celloidin  sections 
of  material  hardened  in  5-10  per  cent,  formol  followed  by  alcohol, 
treats  them  for  ten  hoiirs  with  0  55  per  cent,  chromic  acid,  rinses  with 
water,  and  treats  with  80  per  cent,  alcohol,  then  stains  by  the  method 
of  Pal,  adding  to  the  hematoxylin  a  few  drops  of  dilute  nitric  acid 
(Minnich). 

*  Not  "  sulphide,"  as  erroneously  given  in  Meecibe's  Les  Covpes  du 
Sytithne  Nciveux  Cential,  p.  190. 
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TsCHKKNYSCHiaw  and  Kabusin  {Zuit.  wisn.  Mile,  xiii,  IH'M,  p.  351), 
stains  for  twenty  four  lioui's  in  tlio  kmiuuloxijiiu  of  Kultscuitzky, 
next  §. 

So  also  Pavlow,  {ibid.,  xxi,  11)04,  p.  14,  taking  the  permanganate  twice 
as  strong  as  Pal. 

KozowsKY  {Nauvol.  Zontralb.,  xxiii,  1904,  p.  1041)  stains  as  Weigert, 
and  differentiates  the  sections  first  with  1  per  cent,  permanganate,  till 
the  grey  comes  out  Ijrown,  and  finishes  the  differentiation  with  Liq. 
I'erri  scsquichlorutl.. 

PoTTKU  {Zeit.  wiss.  Mile,  xxvii,  1910,  p.  238)  stains  as  Weigerfc,  last§, 
and  differentiates  first  iu  ijennanganate  of  0'25  per  cent.,  then  in  borax 
ferricyauide. 

784.  Kaiser  {Neurol.  Ctntrulb.,  xii,  1893,  pp.  364,  368;  Zeit.  wiss. 
Mile,  xi,  1894,  p.  249)  hardens  first  in  liiiuid  of  Jiliiller,  then  for  eight 
days  in  liquid  of  Makchi  (§  796),  mordants  sections  for  five  minutes 
with  sesquicliloride  of  iron  (1  j)art  to  1  of  water  and  3  of  70  per  cent, 
alcohol),  stains,  and  differentiates  with  Pal's  liquid.  For  details  see 
early  editions. 

Bolton  {Juurn.  of  Anat.  and  Phys.,  xxxii,  1898,  p.  245)  malies  sections 
of  formalin  material,  and  mordants  them  for  a  few  minutes  iu  1  jjer  cent, 
osmic  acid,  or  for  a  few  hours  in  iron-alum  or  ammonium  molybdate, 
stains  in  Kultschitzky's  hasmatoxylin  (next  §),  and  differentiates  hy 
Pal's  process. 

Similarly  Wynn,  ibid.,  1900,  p.  381. 

Laslett  {Lancet,  1898,  p.  321 ;  Jouni.  Boy.  Mic.  Soc,  1898,  p.  600) 
mordants  in  liquid  of  Marchi  (1  week),  makes  sections,  stains  by  Kult- 
schitzky's method,  and  differentiates  by  Pal's. 

785.  KuLTSCHlTZKY^s  method  {Anat.  Anz.,  18SPj  p.  223,  and 
1890,  p.  519). — Specimens  ave  hardened  for  one  or  two 
montlis  in  sohttion  of  J^rlichi,  imbedded  in  celloidin  or  photo- 
xylin,  and  cut.  Sections  are  stained  for  from  one  to  three 
lionrSj  or  as  much  as  twenty-four,  in  a  stain  made  by  adding 
1  gnu.  of  liasniaLoxyliu  dissolved  in  a  little  alcohol  to  100  c.c. 
of  2  per  cent,  aceiic  acid.  They  are  washed  out  in  saturated 
solution  of  carbonate  of  lithia  or  soda. 

Differentiation  it)  not  necessary,  but  by  adding  to  the  car- 
bonate of  lithia  solution  10  per  cent,  of  a  1  per  cent,  solu- 
tion of  ved  prussiate  of  potash,  and  decolorising  therein  for 
two  or  three  hours  or  more,  a  sharper  stain  is  obtained. 
After  this  the  sections  are  well  washed  in  water  and  mounted 
in  balsam.     Myelin  dark  blue. 

WoLTEKS  {Zeit.  wiss.  Mile,  vii,  189J,  p.  466)  proceeds  as 
Kultschitzky,  except  that  he  stains  at  45°  0.  for  twenty-four 
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lionrs,  after  wliieli  the  sections  avo  dipped  in  solution  of 
Miillev,  and  differentiated  by  the  method  of  Pal. 

Similarly  Kaes  {ibid.,  viii,  1891,  p.  388  ;  Neurol.  Centvalh., 

1891,  No.  15).     Myelin  dark  blue,  cells  yellow-brown. 

786.  MiTROPHANOW  {Zeit.  loiss.  Mile.,  xiii,  1896,  p.  361)  mordants 
pliotoxylin  sections  for  at  least  twenty-foiir  Lours  at  40°  0.  in  a  mixture 
of  equal  parts  of  saturated  aqueous  solution  of  acetate  of  copper  and  90 
per  cent,  alcohol,  stains  for  ten  minutes  in  Kultschitzky's  hajmatoxylin, 
and  differentiates  with  Weigei-t's  fen-icyanide. 

787.  Beukley's  Rapid  Method  [Neurol.  Centralh.,  xi,  9, 

1892,  p.  270;  Zeit.  uns^.  Mik.,  x,  1893,  p.  370).— Slices  of 
tissue  of  not  more  than  two  and  a  half  millimetres  in  thick- 
ness are  hardened  for  twenty-four  to  thirty  hours  in  viixhtre 
of  Fleviwing,  at  a  temperature  of  25''  C,  then  in  absolute 
alcohol,  then  imbedded  in  celloidin  and  cut.  After  washing 
in  water  the  sections  are  put  overnight  into  a  saturated 
solution  of  acetate  of  copper  (or  simply  warmed  therein  to  35° 
to  40°  C.  for  half  an  hour).  They  are  then  washed,  and 
stained  for  fifteen  to  twenty  minutes  in  a  lithium  carbonate 
hfematoxylin  similar  to  Weigert's,  warmed  to  4-0°  0.,  allowed 
to  cool,  and  differentiated  for  one  to  three  minutes  in  Weigert's 
ferricyanide  liquid,  which  may  be  diluted  if  desired  with  one 
third  of  water. 

788.  Hill  [Brain,  1896,  p.  1  ;  Phil  Trans.,  184,  b,  1894, 
p.  399)  stains  well-washed  MiAller  material  in  bulk  in  alum 
carmine,  cuts,  mordants  for  twenty-four  hours  in  half- 
saturated  acetate  of  copper,  stains  and  differentiates  as 
Weigert,  taking  the  differentiating  fluid  only  half  as  strong. 

789.  Benda's  Rapid  Method  {Berlin.  Uin.  Wochenfchr.,  No.  32, 
1903)._Sections  of  formal  material  by  the  freezing  process  (alcohol 
being  avoided)  are  stained  (without  any  mordanting)  for  twenty-four 
hours  in  Boehiner's  ba3matoxylin,  differentiated  with  Weigert's  ferri- 
cyanide, and  mounted  in  balsam.  Only  recommended  for  peripheral 
nerves,  or  for  preliminary  examination  of  the  central  nervous  system. 

Similarly,  Nageotte,  C.  B...Sog.  Biol.,  1908,  p.  408,  staining  with 
lia;malum. 

Similarly  the  Encyd.  mile.  Tccltvih.,  1910,  ii,  p.  239,  with/ny/t  malarial 
cut  by  the  freezing  process,  nnd  the  sections  mounted  in  levulose  (ns 
alcohol  somewhat  extracts  the  stain). 
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790.  Strioktkk,  {Airli,.  M>k.  Avut.,  Ixii,  190:3,  p.  784)  stains 
snmlL  ncn^e-ccntre-s  in  bulk  (after  mordanting-  in  Wcigort's 
bichromate  and  fUioride  mixture,  §  781)  witli  Weigert's 
liaematoxylin  (four  to  six  days),  washes  for  a  couple  of  days 
in  70  per  cent,  alcohol,  makes  fciraijin  sections,  and  differ- 
entiates them  by  the  method  of  Weigcrt  or  Pal. 

781.  Besta  {Zeit.  wins.  Mile,  xxiv,  1907,  p.  185)  mordants  nerves  for 
one  to  three  days  in  100  c.c.  of  water  with  25  of  fonnol  and  4  grms.  of 
Merck's  ammomo-chloridc  of  tin,  cuts  in  paraffin,  stains  in  MALiiORY's 
hoimatoxylin  and  differentiates  in  solution  of  iodine  in  iodide  of 
potassium. 

792.  Gallein.— Aronson  (Centralh.  mcd.  Wus.,  1890,  p.  577)  stains 
sections  of  material  liardenod  in  liquid  of  Erlicki  or  Miiller  (these  must 
1)6  mordanted  with  acetate  of  copper)  for  twelve  to  twenty -four  hours  in 
a  solution  of  3  to  4  c.c.  of  Gallein  (Griibler  &  Co.)  in  100  c.c.  of  water 
with  20  of  alcohol  and  thi'ee  drops  of  concentrated  solution  of  carbonate 
of  soda.  They  are  then  diif  erentiated  by  the  method  of  Weigert,  or  Pal. 
Nerve-fibres  red.  A  second  stain  with  Methylen  blue  may  follow  (best 
after  differentiating  with  permanganate).  Similarly  Scheotter 
(Centralh.  allg.  Path.,  xiii,  1902,  p.  512). 

793.  SCHROTTER  {Neurol.  Centralh.,  xxi,  1902,  p.  338;  Zeit.  iviss.  Mik., 
xix,  1903,  p.  381)  also  stains  sections  for  two  to  three  houi-s  in  a  5  per 
cent,  solution  of  sulphalizarinate  of  sod  t,  to  which  is  added  a  few  drops 
of  5  per  cent,  oxalic  acid  (enough  to  give  an  orange  tint),  then  differ- 
entiates until  no  more  colour  comes  away,  in  carbonate  of  soda  solution 
of  Yifoo  strength,  and  mounts  in  balsam.  Myelin  red,  on  a  colourless 
ground. 

794.  Toluidin  Blue  and  Methylen  Blue. — Harris  {Philadelphia 
Med.  Journ.,  May  14th,  1898)  stains  sections  (of  material  h;u-deued  as 
for  Weigert's  stain)  for  several  hours  in  .a  1  per  cent,  solution  of 
toluidin  blue  in  1  per  cent,  borax  solution,  and  differentiates  in  saturated 
aqueous  solution  of  tannic  acid.  Similarly,  but  with  melhylen  blue, 
in  a  complicated  way  Fraenkel,  Neurol.  Centralh.,  xxii,  1903,  p.  766 
[Zeit.  uiss.y  Mile,  xx,  1904,  p.  345). 

BiNG  and  Ellermann  [Arch.  Anat.  Phys.,  Phys.  Ahth.,  1901,  p.  260) 
harden  in  9  parts  of  acetone  to  1  of  formol,  cut  without  embedding, 
stain  for  five  to  ten  minutes  in  saturated  Methylen  blue,  and  put  for  one 
or  two  into  saturated  picric  acid. 

795.  Other  Modifications  or  Similar  Methods.— Flechsig,  Arch. 
Anat.  Phys.,  Phys.  Ahth.,  1889,  ^.  537 ;  Bregma,  Zeit.  wiss.  Mik.,  vii, 
1890,  p.  30;  Rossi,  ibid.,  vi,  1889,  p.  182;  Mercier,  ibid.,  vii,  1891, 
p.  480 ;  Haug,  ibid.,  p.  153 ;  Waxsem,  ibid.,  xi,  1894,  p.  236;  Robertson, 
ibid.,  xiv,  1897,  p.  80  (Brit.  Med.  Journ.,  1897,  p.  651). 
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Strong  {Joiu-a.  Comp.  Near.,  xiii,  1903,  p.  291)  finds  bichromate  of 
copper  (of  2  to  3  per  cent.)  the  bast  niordiuifc ;  and  tliat  the  mordanting 
is  best  done  before  bringing  into  celloidin.  After  staining,  he  treats 
for  half  a  minute  with  osuiic  acid  of  0'25  per  cent.,  and  differentiates 
as  Pal. 

796.  Marchi's  Method  (for  Deg3nerat3  Nerves)  [Bivista 
spiirim.  di  Freniiitria,  1887,  p.  208  j  Zeit.  iviss.  Mile,  \x, 
1893,  p.  350). — Smali  pieces  o£  tissue  are  hardened  for  a 
week  in  solution  of  Muller,  and  then  put  for  a  few  days 
into  a  mixture  of  2  parts  solution  of  Miiller  and  1  part  1  per 
cent,  osmic  acid  solution.  Sections  are  cut,  best  without 
imbedding*,  and  mounted  in  balsam.  The  sheaths  in  normal 
nerves  then  acquire  a  yellow  coloration,  those  of  degenerated 
tracts  a  black  one. 

This  process  therefore  gives  positive  images  of  the 
degenerated  elements,  Weigert's  pi-ocess  only  giving  negative 
ones. 

For  a  critical  review  of  this  method  and  its  modiiications 
see  Weigeiit,  in  Ergehnisse  der  Anatomie,  vii,  1897  (1898), 
pp.  1 — 8;  Matuszewskf,  Arch.  path.  Anat.,  1905,  p.  12;  de 
Lange,  Le  Nevraxe,  x,  1909,  p.  83  ;  and  Lewy,  Fol.  Neurobiol., 
ii,  1909,  p.  471  {Zeit.  iciss.  Mile,  xxvi,  1909,  p.  290). 

The  method  has  been  applied  to  tissues  that  have  been  hardened  in 
formal ;  but  this,  according  to  Weigkrt,  does  not  seem  I'ecommendable. 

FiNOTTi  {Virchow's  Arch.,  cxliii,  1896,  p.  133)  makes 
sections  of  material  that  has  been  in  liquid  of  Muller  for 
not  more  than  a  few  weeks  or  months,  and  puts  them  for 
four  to  ten  hours  (in  the  dark)  into  a  freshly  prepared 
mixture  of  one  or  two  parts  of  1  per  cent,  osmic  acid  and 
one  part  of  a  concentrated  solution  of  picric  acid  in  one-third 
alcohol.     For  peripheral  nerves,  myelin  (normal),  black. 

Ore  {Juiorn.  Path,  and  Bact.,  vi,  1900,  p.  387  ;  Jotirii.  Boy. 
Mic.  Soc,  1900,  p.  399)  treats  with  a  mixture  of  8  c.c.  of 
2  per  cent,  osmic  acid,  and  2  c.c.  1  per  cent,  acetic  arid, 
which  increases  the  penetration. 

Vassale  {Arch.  ital.  Biol.,  1895,  p.  91)  takes  75  c.c.  of 
solution  of  Muller,  25  c.c.  of  1  per  cent,  osmic  acid,  and 
20  drops  oi^  nitric  acid. 

NissL   {Encijcl.  mik.   Ttchnilc,  ii,  p.  248),  holding  that 
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alcoliol  (ifcfcacks  tlio  myelin,  oiits  without  iiiibeddiiig,  and 
hurries  thi'ongh  alcohol  and  bergamot  oil  into  balsam. 

Ramon  y  Oajal  (Tmh.  lah.  Biol.  Madrid,  ii,  1903,  p.  93)  has  an 
inadmissably  complicated  method  of  treating  Marchi  material. 

BusCH  {Neurol.  Gentralh.,  xvii,  1898,  p.  470;  Zait.  wiss. 
Mile,  XV,  1899,  p.  373)  puts /on?ioZ  material  for  five  to  seven 
days  into  a  solution  of  1  part  osmic  acid,  3  of  iodato  of 
sodium,  and  300  of  water.  Same  stain  as  Marclii's,  but 
more  peneti-ating  and  sharper. 

See  also  Vbnoerovic,  Anat.  Anz.,  xxxix,  191 1,  p.  414 
(cuts  slices  of  the  formol  material  O'o  cm.  thick,  and  osmicates 
these,  thus  getting  increased  dejith  of  reaction). 

797.  Osmic  Acid  (Exner,  Sitzh.  Alcnd.  Wiss.  Wien,  1881,  Ixxxiii,  p.  151 ; 
Bevan  Lewis,  The  Human  Brain,  p.  105). — A  portion  of  brain,  not 
exceeding  a  cubic  centimetre  in  size,  is  jilaced  in  1  per  cent,  osmic  acid, 
and  aftei-  live  to  ten  days  is  cut  (best  without  imbedding).  The  sections 
are  treated  by  caustic  ammonia  (20  drops  to  50  c.c.  of  water),  which 
clears  iip  the  general  mass  of  the  brain  substance,  leaving  the  medullated 
fibres  black.  The  preparations  are  not  permanent.  To  make  them  so 
(Ranvier,  TraiU,  1  ed.,  p.  1086)  they  should  be  fixed  for  a  quarter  of 
a,n  hour  in  osmic  acid  vapour. 

798.  Azoulay's  Osmic  Acid  Method  [Anat.  Anz.,  x,  1894, 
p.  25). —  (a)  Sections  of  Miiller  material  are  put  for  five  to 
fifteen  minutes  into  solution  of  osmic  acid  of  1  :  500  or 
1  :  1000  strength.  Rinse  with  water,  and  put  them  for  two 
to  five  minutes  into  a  5  or  10  per  cent,  solution  of  tannin, 
warming  them  therein  over  a  flame  till  vapours  are  given  off, 
or  in  a  stove  at  50°  to  65°  C.  Wash  for  five  minutes  in 
water,  double-stain  if  desired  with  carmine  or  eosin,  and 
mount  in  balsam.  If  the  sections  are  too  thick  it  will  be 
necessary  to  differentiate  by  Pal's  process,  or  by  eaii  de  Javelle 
diluted  with  50  volumes  of  water,  (b)  Material  that  has  been 
in  an  osmic  mixtui'e  (liquid  of  Flemming,  of  Marchi,  or  of 
Golgi).  Sections  as  before,  then  the  tannin  bath,  wnrming 
for  three  to  ten  minutes,  and  the  rest  as  before. 

799.  Heller  and  Gumpertz  {Zeit.  wiss.  Mik.,  xii,  1896, 
p.  385)  give  for  peripheral  nerves,  and  Heller  (o^j.  cit.,  xv, 
1899,  p.  495)  for  central  nervous  system,  the  following: 
Sections  of  Miiller  malerial  are  put  into  1  per  cent,  osmic 
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acid  (twenty-four  liours  at  37°  C.  for  peripheral  nerves ;  ten 
niinuteSj  or  thirty  at  the  normal  temperature,  for  central). 
They  are  treated  with  pyrogallic  acid  (a  photographic 
developer  will  do)  till  the  nerves  are  black,  then  with  a 
violet-coloured  solution  of  permanganate  of  potash  till  the 
sections  become  brown,  then  with  2  per  cent,  oxalic  acid  till 
they  become  yellow-green.  Wash  out  well  between  each 
operation. 

Similarly,  Tbljatnik  {Neurol.  Centralb.,  1897,  p.  521) ;  Robbetson 
(Brit.  Med.  Journ.,  1897,  p.  651;  Joiorn.  Boy.  Mic.  Soc,  1897,  p.  175), 
the  material  being  previously  mordanted  with  Weigert's  chrome-alum- 
co]3per  fluid  for  neuroglia;  and  Ore,  Journ.  Path,  and  Bad.,  vi,  1900, 
p.  387.    See  also  Rossolimo  &  Busch,  Zeit.  luiss.  Mile.,  xiv,  1897,  p.  55. 

WiTTMAACK  {Arch.  OhrenheiU\,  Ixi,  1905 ;  Encycl.  mik. 
Technik,  ii,  p.  241)  mordants  till  green  (temporal  bones)  in 
90  parts  of  Miiller  with  10  of  formal  and  3  to  5  of  acetic 
acid,  decalcifies  with  nitric  acid  and  formol,  treats  sections 
(paraffin  or  celloidin)  for  a  few  minutes  with  osmic  acid  of 
2  per  cent.,  and  reduces  in  pyrogallol  of  5  per  cent.  Shows 
the  least  traces  of  myelin. 

800.  Iron. — Alleehand  (Neurol.  Centralb.,  xvi,  1897,  p.  727;  Encycl. 
mih.  Teclmih.,  p.  944)  puts  sections  of  Miiller  material  for  fifteen 
minutes  into  warm  50  per  cent,  solution  of  Liquor  ferri  sesquichlorati. 
then  for  an  liour  or  two  into  20  per  cent,  tannin  solution  (old  and 
broAvn).  Theyjare  then  diflferentiated  by  the  method  of  Pal,  taking, 
however,  the  liquids  twice  as  strong. 

An  iron-alum  process  is  described  by  Strong  in  Journ.  comp.  Neurol., 
xiii,  1903,  p.  291. 

801.  Silver  Nitrate. — Vastaeini-Ceesi  (Att.  Accad.  Med.-Chir. 
Napoli,  1,  1896)  hardens  in  formol,  cuts  thick  sections,  washes  them 
with  40  per  cent,  alcohol,  piits  them  in  the  dark  into  1  per  cent,  solution 
of  nitrate  of  silver  in  alcohol  of  40  to  70  per  cent.,  then  washes  thoroughly. 

Similarly,  Mosse  (Arch.  mih.  Anat.,  lix,  1901,  p.  401),  impregnating 
bichromic  material  with  1  per  cent,  solution  of  argeniamiii,  and  reduc- 
ing in  10  per  cent,  pyrogallic  acid,  and  differentiating  by  the  method  of 
Pal.  (Argentamin  is  an  alkaline  solution  of  equal  parts  of  phosphate 
of  silver  and  ethylendiamin  in  10  parts  of  water). 

802.  Polarisation. — Myelin  can  sometimes  be  detected  in  fresh 
material  by  the  polariscope,  see  Ambeonn  &  Held,  Ber.  Math.  Phys. 
Gen.  Wiss.  Leipzig.,  1895,  p.  37,  and  G-AD  &  Heymans,  Arch.  Anat. 
Phys.,  Phys.  Ahth.,  1890,  p.  531. 
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31  ye  tin  -and- a  xis-cij  lin  der  S I  ams. 

803.  Methylen  Blue.— Sahli  {Zeit.  wiss.  Mile,  1885,  p.  1)  stains 
sections  of  tissue  liarclened  in  biclivoniate  for  several  hours  in  concen- 
trated aqueous  solution  of  methylen  Llue,  rinses  witli  water,  and  stains 
for  five  minutes  in  saturated  aqueous  solution  of  Siiurefuchsin.  If  now 
the  sections  he  rinsed  with  alcohol  and  brouglit  into  a  liberal  quantity 
of  water,  the  stain  becomes  differentiated,  axis-cylinders  being  sho\vn 
coloured  red  and  the  myelin  sheaths  blue. 

Or,  the  sections  are  stained  for  a  few  minutes  or  hoiu-s  in : 

Water  40  parts. 

Saturated  aqueous  solution  of  methylen  blue  24  „ 
5  per  cent,  solution  of  borax     .       .       .     16  „ 

—then  washed  either  in  water  or  alcohol  until  the  gi-ey  matter  comes 

put,  cleared  with  cedar  oil  and  mounted  in  balsam. 

804.  Saurefuehsin. — Finotti  (Virchow's  Archiv,  cxlili,  1896,  p.  133) 
stains  strongly  in  Delafield's  hasmatoxylin,  then  for  a  few  seconds  in 
concentrated  solution  of  picric  acid,  then  in  0  5  per  cent.  Siiurefuchsin, 
and  treats  with  alkaline  alcohol  (caustic  potash). 

Ohlmacher  {Join-n.  Bxper.  Med.,  ii,  1897,  p.  675)  stains  sections  for 
one  minute  with  anilin-water  gentian,  then  for  a  few  seconds  in  a  solu- 
tion of  0-5  per  cent  Saiirefuchsin  in  saturated  solution  of  picric  acid 
diluted  with  one  volume  of  water,  and  differentiates  with  alcohol  and 
clove  oil. 

Kaplan  {Arch.  Psychiatr.,  xxxv,  1902,  p.  825)  mordants  (for  months) 
in  Mviller,  stains  sections  for  a  day  or  more  in  i  per  cent,  aqueous 
Saurefuehsin,  rinses  in  water  acidulated  with  HCl,  and  differentiates  by 
the  method  of  Pal  (permanganate  and  potassium  sulphite). 

805.  Safranin.— Adamkibwics  {Sitzh.  Ic.  Akad.  Wiss.  Wien.  Math. 
Naturw.  Kl,  1884,  p.  245  ;  Zeit.  wiss.  Mile,  1884,  p.  587).— Stains  sections 
of  Miiller  material  in  concentrated  solution  of  safranin,  differentiates  in 
alcohol  and  clove  oil,  brings  back  again  into  water,  washes  in  water  acidi- 
fied with  acetic  acid,  and  stains  in  methylen  Hue.  Myelin  red,  nuclei 
violet. 

Similarly  Ciaglinski  {Zeit.  wiss.  Mih.,  viii,  1891,  p.  19)  and  Steoebe 
{ihid.,  X,  1893,  p.  336),  the  former  employing  safranin  foUowed  by  auilin 
blue,  whilst  the  latter  first  stains  with  anihn  blue,  then  differentiates 
with  alcohoh  containing  a  very  httle  caustic  potash,  and  after-stains  with 
safranin. 

806.  Congo  Red.— NissL  {Zeit.  wiss.  Mik,  1886,  p.  398)  stains  for  8 
days  in  Congo  red  (5  parts  to  400  of  water)  and  differentiates  in  alcohol 
with  3  per  cent,  of  nitric  acid. 

807.  Other  Methods.— For  Taj^a-diso's palladium  chloride  methods 
see  last  ed.,  or  Bendic  B.  Accad.  Scicnzc,  Napoli,  iv,  1890,  p.  14,  and 
1891  []892],  p.  227;  and  Boll.  Accad.  Med.  Bcma,  xix,  1S93,  p.  256; 
Arch.  lua.  Biul,  XX,  1894,  p.  40. 

For  WoLTEBs'  vanadium  chloride  process  see  next  chapter. 
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AXrs-CYrjNDER  AND  DENDEITE  STAINS  (gOLGI  AND  OTHEBS). 

808.  Introduction. — There  ai'e  three  chief  methods  for  the 
anatomical  (§  736)  study  of  axis- cylinders  and  protoplasmic 
nerve-cell  processes,  viz.  the  methylen-blue  intra-vitam 
method,  the  bichromate-and-silver  method  of  Golgi,  and  the 
bichromate-and-sublimate  method  of  Golgi.  The  two  latter, 
with  some  other  methods  suitable  for  the  same  or  similar 
purposes,  form  the  subject  of  this  chapter. 

809.  The  Methods  of  Golgi.  There  are  two  methods  of 
Golgi,  viz.  the  Bichromate  and  Nitrate  of  Silver  Method  and 
the  Corrosive  Sublimate  Method. 

The  bichromate  and  nitrate  of  silver  method  has  been 
worked  out  by  Golgi  in  three  forms— the  slow  process,  the 
rapid  process,  and  the  mixed  process.* 

The  rapi(^  process  is  the  one  that  is  the  most  in  use  at  the 
present  time,  and  may  be  taken  to  be  the  classical  method 
of  inquiry  into  the  finer  relations  of  the  neurons  in  hardened 
tissue. 

General  characters  of  the  impregnation. — The  preparations 
have  not  in  the  least  the  appearance  of  stains,  and  are  even 
very  different  in  aspect  from  the  impregnations  obtained  by 
the  ordinary  methods  of  impregnating  with  silver  or  gold. 

*  In  a  recent  text-ljook,  the  Leiifaden  of  Rawitz,  the  sublimate  method 
is  called  "  the  slow  method  of  Golgi,"  and  the  bichromate  and  silver 
nitrate  method  is  given  under  the  form  of  the  slow  process,  and  called 
"  the  rapid  method  of  Golgi."  Rawitz  further  attributes  the  rapid 
method  to  Ramon  y  Cajal,  which  is  equally  eri-oneous.  Similar  con- 
fusions are  made  by  Mercier  in  his  Coupes  du  Systbme  Nerveux  Central, 
and  by  Pollack  .and  other  authors.  Valuable  accounts-  of  the  silver 
method  have  been  given  by  v.  Lenhossek  in  his  Feinere  Bau  d.  Nerven- 
sijsleins,  2nd  edit.,  1895,  and  by  Kallius  in  the  art.  "  Golgische 
Methode  "  in  the  Encycl.  mile.  Technilc,  1903. 


420  CHAPTER  XXXI V. 

The  impregnation  is  a  partial  one,  by  which  is  meant  that  of 
all  the  elements,  whether  nervous  or  not,  that  are  present 
in  a  preparation,  only  a  limited  number  are  coloured. 
That  is  one  of  the  great  advantages  of  the  method.  For  if 
all  the  elements  present  were  coloured  equally,  you  would 
not  be  able  to  see  the  wood  for  the  trees,  for  you  would  hardly 
be  able  to  follow  any  one  element  for  more  than  a  very  short 
distance.  But  Golgi's  method  selects  from  among  the  ele- 
ments present  a  small  number  which  it  stains  with  a  great 
intensity  and  very  completely— that  is  to  say,  throughout 
a  great  length,  so  that  they  are  both  very  clearly  separated 
from  those  elements  that  have  remained  uncoloured,  and  also 
can  be  followed  out  for  a  great  distance. 

Axis-cylinders  are  generally  impregnated  only  so  long  as 
they  are  not  medullated.  In  the  adult  the  method  stains 
nerve-cells  and  their  processes,  so  far  as  these  are  not 
myelinated;  but  if  it  be  wished  to  impregnate  the  axis- 
cylinders  of  the  cerebro-spinal  axis  the  method  is  best 
applied  to  embryos  or  new-born  animals  at  a  time  when  the 
fibres  have  not  become  surrounded  by  their  sheath  of 
myelin. 

There  is  no  other  method  which  will  allow  cell-processes 
to  be  followed  out  for  such  great  distances.  But  the  method 
does  not  demonstrate  at  the  same  time  the  histological  detail 
of  other  tissues  that  may  be  present  in  the  preparations,  and 
all  cytological  detail  is  lost.  It  is  par  excellence  a  special 
method. 

Nervous  tissue  is  not  the  only  thing  that  is  mipregnated 
in  these  preparations  ;  neuroglia,  connective  tissue,  fibrils, 
etc.,  are  impregnated,  and  the  method  has  been  applied  with 
success  to  the  study  of  such  things  as  bile-capillaries,  gland- 
ducts,  and  the  lil<e.  Both  on  account  of  this  character,  and 
on  account  of  the  capriciousness  with  which  the  impregnation 
takes  hold  of  only  certain  elements  of  the  preparations,  care 
must  be  exercised  in  the  interpretation  of  the  images  obtained. 
A  further  source  of  possible  error  is  found  in  the  fact  that 
the  method  frequently  gives  precipitation-fonns  of  the  silver 
salt  that  simulate  dendrites  and  other  structures  (see  Fried- 
LAENDER  in  Zeit.  wiss.  Mih.,  xii,  1895,  p.  168,  and  the  plate 
in  the  following  number.) 

The  method  has  been  applied  with  success  to  the  tissues 
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of  Invertebrates — Insects,  Liimhricus,  Tit,hifex,  Helix,  Limax, 
Distumum,  Astacus,  Actinida,  etc. 

The  method  has  been  described  at  length  by  Golgi  in  the 
Archives  Italiennes  de  Biologie,  t.  iv,  1883,  p.  32  et  seq.,  and 
vii,  1886,  p.  15  et  seq.  The  following  account  is  from  the 
latter  paper.  The  earlier  form  of  the  method  should  not  be 
followed. 

810.  GoLGi's  Bichromate  and  Nitrate  of  Silver  Method,  SLOW 
Process  [loc.  cit.,  p.  17). — (a)  The  hardening.— The  tissues 
must  be  hardened  in  a  bichromate  solution.  Either  pure 
bichromate  of  potash  may  be  employed,  or  liquid  of  Miiller 
(the  reaction  can  be  obtained  with  liquid  of  Erlicki,  but  it  is 
not  to  be  recommended).  The  normal  practice  is  to  take 
bichromate  of  potash,  beginning  with  a  strength  of  2  per 
cent.,  and  changing  this  frequently  for  fresh  solutions  of 
gradually  increased  strength,  2|,  3,  4,  and  5  per  cent.  The 
tissue  should  be  as  fresh  as  possible;  though  satisfactory 
results  may  sometimes  be  obtained  from  material  taken 
twenty-four  to  forty-eight  hours  after  death.*  It  should  be 
in  pieces  of  not  more  than  1  c.cm.  or  l\  c.cni.  in  size. 

The  most  difficult  point  of  the  method  consists  in  hitting 
of  the  exact  degree  of  hardening  in  the  bichromate  that 
should  be  allowed  before  passing  to  the  next  stage.  In 
summer  good  results  may  be  obtained  after  fifteen  to  twenty 
days,  and  tlie  material  may  continue  in  a  favourable  state  for 
impregnation  up  to  thirty,  forty,  or  fifty  days.  In  cold 
weather  good  results  can  seldom  be  obtained  under  a  month  : 
when  obtained,  the  material  may  continue  to  give  good  results 
up  to  two,  three,  and  even  four  months  of  hardening.  The 
only  way  to  make  sure  is  to  pass  trial  portions  of  the  tissue 
at  intervals  into  the  silver-bath,  in  summer  frequently,  in 
winter  every  eight  or  ten  days,  and  observe  whether  the 
reaction  is  obtained. 

Good  results  are  obtained  by  injecting  the  organs  with 
the  hardening  fluid  (2-5  per  cent,  bichromate).     See  §  737. 

Stoving  at  a  temperature  of  20°  to  25°  C.  is  useful  for 

*  Material  that  has  been  hardened  in  formol  may  also  he  used.  See 
§  817  (GrEROTA  and  Bolton),  and  v.  Lenhossek's  Feinere  Ban,  cl. 
Nenensystevis,  p.  23.  I  have  had  good  results  with  material  that  had 
been  three  months  in  formol  (I  have  not  tried  older). 
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abridging  the  hardening,  but  tliero  is  risk  of  over-Lardening  ; 
and  GoLGi  thinks  the  results  are  never  quite  so  delicate  as 
after  hardening  in  the  cold. 

(b)  Impregnation. — As  soon  as  the  pieces  of  tissue  Jmve 
attained  the  proper  degree  of  hardening,  they  are  brought 
into  a  bath  of  nitrate  of  silver.  The  usual  strength  of  this 
bath  is  0"75  per  cent.,  but  0"50  per  cent,  may  be  taken  for 
material  that  has  not  been  quite  enough  hardened,  and  solu- 
tions of  1  per  cent,  may  be  used  for  material  that  has  been 
slightly  over-hardened.  The  solution  may  be  acidified  (see 
Eamon  y  Cajat,,  §  819). 

A  large  quantity  of  solution  should  be  taken  for  the  bath. 
The  moment  the  pieces  of  tissue  are  put  into  the  silver- 
bath  an  abundant  precipitate  is  formed.  This  of  course 
weakens  the  bath  ^5ro  tanto.  It  is  therefore  well,  before 
putting  the  pieces  into  the  final  silver-bath,  to  first  wash 
them  well  in  a  weaker  silver  solution,  until  on  being  put 
into  a  fresh  quantity  of  it  no  further  precipitate  is  formed. 
Used  solutions  will  do  for  this  purpose.  The  final  silver- 
bath  in  general  needs  no  further  attention,  unless  it  be  that 
sometimes,  in  the  case  of  tissues  that  have  taken  up  a  great 
deal  of  bichromate  of  potash,  the  solution  may  after  six  to 
ten  hours  become  somewhat  yellow,  in  which  case  it  should 
be  changed  for  fresh. 

It  is  not  necessary  to  keep  the  preparations  in  the  dark 
during  the  impregnation  bath ;  in  winter  it  is  well  to  keep 
them  in  a  Avavm  place. 

The  time  normally  necessary  for  impregnation  by  the 
silver  is  from  twenty-four  to  forty-eight  hours  (forty-eight 
being  quite  exceptional).  But  tissues  may  remain  in  the 
bath  without  hurt  for  days,  weeks,  or  months. 

(c)  Preservation. — As  soon  as  a  trial  has  shown  that  a 
sufficiently  satisfactory  impregnation  has  been  obtained  the 
pieces  are  brought  into  alcohol.  The  alcohol  is  changed 
two  or  three  times,  or  even  more,  until  it  remains  trans- 
parent even  after  the  preparafions  have  been  two  or  three 
days  in  it ;  for  in  view  of  good  preservation  it  is  necessary 
that  the  excess  of  nitrate  of  silver  should  be  washed  out 
from  them  thoroughly. 

Sections  are  now  made   (see  §   821).     They  are  to  be 
washed  very  thoroughly  in  three  or  four  changes  of  absolute 
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alcohol  They  are  then  cleared,  first  in  creasote,  in  which 
they  should  remain  only  a  few  minutes,  then  in  oil  of  turpen- 
tine in  which  they  should  remain  for  ten  to  fifteen  minutes 
(they  may  remain  there  for  days  without  hurt).  They  arc 
then  mounted  in  damar  (rather  than  in  balsam),  and  witlwut 
a  cover.  Preparations  mounted  under  covers  jn  the  usual 
way  always  go  bad  sooner  or  later,  whilst  those  that  are 
mounted  without  a  cover  keep  very  well,  esincially  if  tlwy 
he  kept  in  the  darh.  GoLGi  states  that  he  has  a  large  number 
that  have  kept  without  change  for  nine  years. 

As  a  general  rule  tliiclc  sections  (50  to  60  or  more) 
show  much  more  than  thin  ones,  bat  do  not  seem  to  keep  so 
well. 

The  order  in  which  the  elements  of  tissues  mipregnate  is 
generally— first,  axis-cylinders,  then  ganglion  cells,  and  lastly 
neuroglia  cells. 

811  GoiGi's   Bichromate  and   Nitrate  of  Silver  Method, 

RAFID  process  [op.  cit.,  p.  33).  Smcdl  pieces  of  very  fresh 
tissue  are  thrown  into — 

Bichromate  solution  of  2  to  2-5  per  cent. 

strength  .  -  •  •  •  Mparts. 
Osmic  acid  of  1  per  cent,  strength  .  2  „ 
(Or,  later,  two  parts  of  bichromate  of  3  per  cent,  to  1  of 
the  osmic  acid.)  The  tissues  begin  to  be  m  a  fit  state  for 
taking  the  silver  impregnation  from  the  second  or  third 
day  ■  in  the  next  following  days  they  are  m  a  still  more 
favourable  state,  but  the  favourable  moment  does  not  last 
long;  the  faculty  of  impregnation  soon  declines,  and  is 
gen°erally  quite  lost  by  the  tenth  or  twfelfth  day. 

The  silver  impregnation  is  conducted  exactly  as  in  the 
slow  process,  and  sections  are  prepared  and  mounted  in  the 
same  manner.  (I  find  that  they  should  not  be  left  m  alcohol 
for  more  than  an  hour  or  so  before  mounting.) 

There  is  this  difference,  that  the  impregnated  material 
cannot  be  preserved  for  any  length  of  time  in  alcohol,  but 
must  not  remain  for  more  than  ttoo  days  in  it.  But  it  may 
be  kept  in  the  silver  solution  until  wanted  for  sectioning. 
According  to  van  Gehuchten  (La  Celhile,  vi,  1890,  p.  405), 
material  may  be  kept  for  six  months  in  the  silver,  with 
advantage,  showing  abundant  reductions  where  none  were 
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found  al'ter  foi-fcy-eiglit  hours.  But  it  miitit  be  kept  in  the 
(larJi. 

The  following  notes  as  to  the  proper  duration  of  the  hardening  pro- 
cess in  different  cases  are  taken  from  the  papers  quoted  and  other  sources, 
most  of  which  may  be  found  in  v.  Lbnhossek,  op.  cit.,  p.  23. 

Spinal  cord  of  chick,  from  the  sixth  to  the  tenth  day  of  incubation- 
twelve  to  forty-eight  hours  in  the  mixtm-e  (up  to  the  fifth  day  the  em- 
bryos may  be  treated  whole,  later  the  vertebral  column  should  be  dis- 
sected out  and  cut  into  two  or  thi-ee  segments  ;  it  need  not  be  opened). 
The  spinal  column  of  new-born  rats  and  mice  should  be  treated  in  the 
same  way,  and  remain  in  the  mixture  for  twenty-four  hours  (for  spinal 
ganglia),  or  for  two  to  six  days  for  the  cord  itself.  (The  encephalon  of 
these  subjects  may  be  treated  in  just  the  same  way,  without  being  dis- 
sected out.) 

VON  Lenhossek  [op.  cit.,  p.  10)  recommends  for  human  (fojtal)  cord 
two  to  tlu-ee  days  for  neuroglia,  three  to  five  for  nerve-cells,  and  five  to 
seven  for  nerve-fibres  and  collaterals. 

Cerebellum  of  new- bom  subjects,  thi-ee  to  five  days  in  the  mixture. 

Cerebral  cortex  of  young  subjects,  two  to  three  days  (Mice),  or  as 
much  as  five  (Rabbit,  Cat) ;  cortex  of  adults,  eight  to  fifteen  days.  The 
most  favourable  region  of  the  brain  is  the  coriiu  Ammonis,  especially  in 
the  Rabbit. 

Retina— twenty-four  to  forty-eight  hours  in  the  mixture,  then 
"  double  "  impregnation  (§  815). 

Sympatlietic— three  to  seven  days  in  the  mixture,  and  two 
in  the  silver  :  then  double  impregnation. 

Spinal  cord  of  lavvte  of  Amphibia.  The  entire  larvae 
(best  2  to  2-5  centimetres  long)  should  be  put  for  two  to  five 
days  into  the  mixture,  and  for  one  to  two  into  the  silver. 

Epidermis  of  Lumhricus — three  to  six  days  in  the  mixture,  and  two 
in  the  silver,  or  double  impregnation  if  necessary.  Smirnow  makes 
the  mixture  of  equal  parts  of  5  per  cent,  bichi-omate  and  1  per  cent, 
osmic  acid,  and  leaves  in  it  for  five  to  twenty-eight  days,  and  one  to  two 
days  in  the  silver  (075  per  cent.). 

Nervous  system  of  Helix  (glia-cells).  The  above  mixture 
for  eight  to  ten  day.s,  then  silver  of  0'75  to  1  per  cent. 

As  a  general  rule,  the  younger  the  subject,  the  shorter  should  the 
hardening  be.  If  it  has  been  too  short,  sections  will  have  a  brownish- 
red  opaque  aspect,  with  precipitates,  and  irregular  impregnation  of  cells 
and  fibres.  If  it  has  been  too  long,  the  ground  will  he  yellow,  without 
precipitates,  but  with  no  impregnated  elementp,  or  hardly  any. 
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Tills  process  has  the  advantage  of  great  rapidity,  and  of 
sureness  and  delicacy  of  result,  and  is  the  one  that  has  found 
the  most  favour  with  other  workers.  But  for  methodical 
study  of  any  given  part  of  the  nervous  system  Golgi  himself 
prefers  the  following  : 

812.  GoLQi's  Bichromate  and  Nitrate  of  Silver  Method, 
MIXED  Process  {op.  cit.,  p.  34). — Fresh  pieces  of  tissue  are 
put  for  periods  varying  from  two  to  twenty-five  or  thirty 
days  into  the  usual  bichromate  solution  (§  810).  Every  two 
or  three  or  four  days  some  of  them  are  passed  on  into  the 
osmio-bichromate  mixture  of  the  rapid  process,  hardened 
therein  for  from  three  or  four  to  eight  or  ten  days,  and 
finally  impregnated  with  silver,  and  subsequently  treated 
exactly  as  in  the  rapid  process. 

The  reasons  for  which  Golgi  prefers  this  process  are — the 
certainty  of  obtaining  samples  of  the  reaction  in  many  stages 
of  intensity,  if  a  sufficient  number  of  pieces  of  tissue  have 
been  operated  on  ;  the  advantage  of  having  at  one's  dis- 
position a  notable  time — some  twenty-five  days — during 
which  the  tissues  are  in  a  tit  state  for  taking  tlie  silver,  and 
the  possibility  of  greatly  hastening  the  process  whenever 
desired  by  simply  bringing  the  pieces  over  at  once  into  the 
osmic  mixture;  lastly,  a  still  greater  delicacy  of  result, 
especially  remarkable  in  the  demonstration  of  axones. 

813.  Theory  of  the  Impregnation. — It  used  to  be  held  that 
the  reaction  depends  on  the  formation  in  the  tissues  of  a 
precipitate  of  some  salt  of  silver.  But  this  seems  incorrect. 
I  find  (in  accordance  with  Lenhossek,  '  Feinere  Bau  d. 
Nervensystems,'  p.  19)  that  the  coloration  is  not  due  to  a 
visible  precipitate,  but  is  a  true  stain,  accompanied  (in 
unsuccessful  impregnations)  by  a  precipitate  which  does  not 
help  the  stain  but  is  injurious  to  it.  It  has  been  maintained 
that  the  stain  is  merely  superficial,  and  the  method  has  been 
called  an  "  incrustation  method."  I  find  that  it  extends 
throughout  the  whole  thickness  of  the  impregnated  elements. 

The  chemical  nature  of  the  stain  has  not  been  made  out. 

A  critical  review  of  the  Golgi  method  by  Weigekt  may  be  found  in 
Ergebnisse  der  Aindomie,  v,  1895  (1896),  p.  7. 
See  also  Hill  {Brain,  part  73, 1896,  p.  ]),  Azoulay  {Comptes  Bend. 
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Soc.  lliul.  [10],  i,  1894,  p.  839) ;  and  Kallius  {Encycl.  mile.  TechniJc, 
AH.  "  Golgi'sclie  Methode." 

Modificatiovs  concerning  the  Liiipregnation  of  the  Tissues. 

814.  Ramon  y  Oajal  {Zeit.  n-iss.  Mile,  vii,  1890,  p.  332)  gives 
3  pev  cent,  as  the  strength  of  the  bichromate  in  the  mixture 
for  the  rapid  process,  and  in  numerous  other  places  has 
given  it  as  3'5  per  cent.  This  hitter  strength  has  been 
adopted  by  most  of  the  workers  who  use  the  rapid  process, 
and  the  mixture  containing  this  proportion  of  bichromate  is 
generally  known  as  Ramon  y  Oajal's  mixture. 

815.  Ramon  y  Cajal's  Double-Impregnation  Process  {Trah. 
Lah.  Hist.  Med.  Barcelona,  1891;  La  Cellule,  vii,  1891,  p. 
130). — Sometimes  the  usual  rapid  method  fails  to  give  good 
impregnations.  These,  however,  may  frequently  be  obtained 
by  putting  the  tissues  back  for  a  day  or  two  into  the  osmium- 
bichromate  mixture,  or  into  a  weaker  one  containing  only 
two  parts  of  osmic  acid  solution  to  20  of  the  .bichromate. 
After  this  they  are  washed  quickly  with  distilled  water,  and 
put  for  a  second  time  into  the  silver  solution  for  thirty-six  to 
forty-eight  hours.  It  is  important  to  hit  off  the  proper 
duration  of  the  first  impregnation  in  the  bichromate.  If  it 
has  been  too  long  (four  days)  or  too  short  (one  day),  the 
second  impregnation  will  not  succeed.  In  this  case  a  third 
impregnation  must  be  resorted  to,  the  objects  being  again 
treated  with  the  weak  osmium-bichromate  mixture,  and  after- 
wards again  with  the  silver  solution. 

This  modification  of  the  original  process  is  the  most  impor- 
tant that  has  hitherto  been  made. 

816.  Goi.Gi's  Process  for  Eejuvenation  of  Over-hardened 
Tissues.— Tissues  that  have  been  much  too  long  in  the  osmium- 
bichromate  mixture  will  no  longer  take  on  the  silver  impregna- 
tion. They  can,  however,  be  rejuvenated  and  made  to 
impregnate  in  the  following  manner,  due  to  Golgi,  and 
published  by  Saceedotti  {Intern.  Monatssrhr.,  xi,  1894,  p. 
326).  They  are  washed  in  a  halE-satunited  solution  of 
acetate  of  copper  until  they  no  longer  give  a  precipitate, 
and  are  then  put  back  again  for  five  or  six  days  into  the 
osmium-bichromate  mixture.  Sections,  it  is  said,  will  bear 
mounting  in  thickened  oil  of  cedar  under  a  cover. 
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More  recently  [Cinquantenaire  Soc.  Biol,  1899,  JJ.  514) 
Golgi  puts  for  some  hours  or  days  into  a  mixture  of  equal 
parts  of  bichromate  of  2  to  3  per  cent,  and  sulphate  of 
copper  of  4  to  5  per  cent.,  or  into  the  cupric  mixture  used 
for  the  intra-cellular  network,  §  777. 

Gemelli  {Anat.  Anz.,  xliii,  1913,  p.  414)  takes  a  mixture 
of  "  acetate  of  copper  (4  per  cent.)  and  bichromate  of  potash 
(5  per  cent.)."    Time  not  stated. 

817.  Formaldehyde  for  the  Rapid  Process. — Steong  {Anat. 
Anz.,  X,  1895,  p.  494)  finds  that  formaldehyde  can  with 
advantage  be  substituted  for  the  osviic  acid  in  the  osmio- 
bichromic  mixture  of  GoLGi's  rapid  process.  He  adds  from 
2  o  to  5  per  cent,  of  formalin  to  the  (3-5  to  5  per  cent.) 
bichromate  solution. 

The  advantage  is  that  the  stage  of  hardening  favourable 
for  impregnation  lasts  longer;  in  other  words,  the  formalde- 
hyde bichromate  does  not  over-harden. 

DuRiG  {ihid.,  p.  659)  obtained  the  best  results  by  means 
of  3  per  cent,  bichromate  solutions  containing  4  to  6  per 
cent,  of  formaldehyde,  hardening  therein  for  three  days,  and 
after  silvering  for  two  days  putting  back  into  the  mixture  and 
proceeding  as  in  Ramon  y  Cajal's  double  impregnation 
process. 

Fish  {Proc.  Amer.  Mic.  Soc,  xvii,  1895,  p.  319)  takes  : 
Formafin        .        .        .        .        •  2  c.c. 

3  per  cent,  bichromate      .        .         .      100  „ 
leaving  the  tissues  three  days  in  this  liquid  and  three  days 
in  the  silver  nitrate  (|  per  cent.). 
Or,  with  advantage  : 

Liquid  of  Miiller      .        .        .        .100  c.c. 
10  per  cent,  formalin        .         .         •  2  „ 

1  per  cent,  osmic  acid       .         .         .  ^  » 

Odiee  {La  RacMcocainisatioii,  Geneve,  1903,  p.  27)  takes 
two  parts  of  undiluted  formalin,  instead  of  the  10  per  cent. 

The  formalin  and'  bichromate  mixtures  should  be  kept  in 
the  dark.  It  is  well  only  to  make  them  up  at  the  instant  of 
using  them.  Odier  finds  these  mixtures  afford  a  more 
abundant  impregnation,  with  fewer  precipitates. 

Koi'SCH  {Anat.  Anz.,  xi,  1896,  p.  727)  takes  4  parts  of  3-5 
per  cent,  bichromate  solution,  and  1  of  commercial  formalde- 
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liyde  solution,  and  after  twenty-four  hours  ti-ansfers  to  pure 
3"5  per  cent,  bichromate  for  at  least  2  days  (retina),  or  3  to 
6  (central  organs) .  He  finds  that  by  this  means  precipitates 
are  almost  entirely  avoided.  This  I  also  find,  but  I  seem  to 
get  a  too  abundant  impregnation  of  capillaries. 

GrEROTA  {Intern.  Monatsschr.  Anat.,  xiii,  1896,  p.  108)  first 
hardens  (brain)  for  a  week  or  two  in  5  to  10  per  cent,  formol 
solution,  then  puts  small  pieces  for  three  to  five  days  into 
4  per  cent,  bichromate,  then  into  the  silver. 

Similarly  Bolton  {Lancet,  1898,  p.  218;  Journ.  Boy.Mic. 
Sue,  1898,' p.  244). 

ScHREiBER  {Anat.  Am.,  xiv,  1898,  p.  275)  obtained  good 
results  (on  appendages  of  Crustacea  which  were  impervious 
to  the  osmic  mixture)  with  mixtures  of  five  parts  2*5  per 
cent,  bichromate  to  one  of  4  per  cent,  formaldehyde,  or  one 
part  2'5  per  cent,  bichromate  to  two  of  5  per  cent,  formalde- 
hyde, the  specimens  remaining  for  one  day  in  the  first,  for 
two  days  in  the  second. 

Similarly  DuBOscQ  {Arch.  z.  Exper.,  1899,  p.  483),  warm- 
ing the  mixture  to  40°  C. 

VAN  Gehuchten  {in  litt.),  and  other  observers,  have  not 
obtained  good  results  with  formaldehyde. 

Kallius  {Encycl.,  p.  564)  finds  these  mixtures  good  for 
brain,  but  not  so  much  so  for  other  organs. 

818.  Acetic  Aldehyde. — Vassale  and  Donaqgio  {Moiiitore  Zool., 
Ital.,  vi,  1895,  p.  82)  harden  pieces  of  at  most  1  cm.  in  thickness  for 
fifteen  to  twenty  days  in  a  mixture  of  five  parts  of  aldehyde  with  100  of 
3  to  4  per  cent,  bichromate,  changing  the  fluid  after  a  few  days,  as  soon 
as  it  has  become  dark.    The  rest  as  Golgi. 

819.  Modifications    of  the    Silver   Impregation.— Ramon  y 

Cajal  {Bev.  trim.  Hist.,  No.  2,  1888,  note)  found  the  addition  of  a  very 
little  formic  acid  to  the  silver  bath  facilitated  reduction.  According  to 
VAN  Gehuchten  {La  Cellule,  vii,  1891,  p.  83),  1  drop  of  the  acid  should 
be  added  to  100  c.c.  of  the  silver.  But  the  practice  is  now  generally 
abandoned. 

Berkeley  {Johns  Hophins  Hasp.  Bep.,  vi,  1897,  p.  1;  Joimi.  Boy. 
Mic.  Soc,  1898,  p.  242)  impregnates,  after  hardening  in  the  osmio- 
bichromate,  in  a  freshly  prepared  solution  of  two  drops  of  10  per  cent, 
phosphomolybic  acid  to  60  c.c.  of  1  per  cent,  silver  nitrate,  wliich  in 
winter  should  be  kept  at  a  temperature  of  about  26°  C. 

Hill  {op.  cit.,  §  813)  takes  instead  of  silver  nitrate  a  jf  per  cent,  solu- 
tion of  silver  nitrite,  with  Ol  per  cent,  of  formic  acid  added. 
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GuDDEN  (Neurol.  Gentralb.,  xx,  1901,  p.  152)  takes  the  lactate  of  silver 
(sold  as  "  actol.")  and  finds  it  mucli  more  penetrating. 
Fajeestajn  {ibid.,  p.  98)  uses  ammonio-nitrate  in  a  complicated  way. 

820.  Avoidance  of  Precipitates. — Golqi's  process  frequently 
gives  rise  to  the  formation  at  the  surface  of  the  preparations 
of  vohiminous  precipitates  that  are  destructive  of  the  clear- 
ness of  the  images.  Sehrwald  {Zeit.  wiss.  Mih.,  vi,  1889, 
p.  456)  has  found  that  this  can  be  avoided  as  follows.  A 
10  per  cent,  solution  of  gelatin  in  water  is  made.  The  tissues 
are  coated  with  this,  by  dipping  and  cooling  several  times, 
or  are  imbedded  in  it,  in  a  paper  imbedding  box,  with  the 
aid  of  a  little  heat,  and  are  brought  therein  into  the  silver- 
bath.  After  the  silvering  the  gelatin  is  removed  before 
cutting  by  warm  water  saturated  with  chromate  of  silver. 

Martinotti  wraps  the  tissue  simply  in  blotting-paper,  but 
this  does  not  appear  to  be  efficacious. 
Athias  takes  wafer-papers. 

Ramon  y  Cajal  covers  tissues  with  a  layer  of  congealed 
blood,  which  need  not  be  removed  before  cutting,  or  with 
collodion,  or  peritoneal  membrane.     See  Retina. 

Modifications  concerning  the  Preservation  of  the  Preparations. 

821.  Cutting. — The  chief  quality  of  Golgi's  process  is  that 
it  admits  of  the  following  of  nerve-cell  processes  for  a  very 
great  distance.  Evidently  this  cannot  be  done  with  very 
thin  section^.  And  as  sufficiently  thin  ones  can  be  obtained 
without  imbedding,  the  general  practice  is  simply  to  wash 
thfe  preparations  taken  from  the  silver-bath  with  water,  fix 
them  to  a  cork  with  gum,  put  the  whole  into  alcohol  for  a 
few  minutes  to  harden  the  gum,  and  cut  with  a  microtome 
without  imbedding. 

But  imbedding  is  possible,  if  it  can  be  got  through  rapidly 
enough.  Pieces  of  tissue  as  small  as  possible  should  be 
dehydrated  in  from  half  an  hour  to  two  hours,  put  for  the 
same  time  into  thin  celloidin,  then  coated  with  thick 
celloidin,  gummed  on  a  cork  and  cut,  the  sections  being 
collodionised  if  necessary.  Thin  specimens  such  as  retina 
may  be  soaked  for  a  short  time  in  celloidin,  put  between  two 
slabs  of  solid  celloidin  lightly  pressed  together,  and  the 
whole  cut  after  a  short  treatment  with  alcohol  of  70  per 
cent.     Similarly  with  paraffin.     The  tissues  should  be  got 


430 


OHArTER  XXXIV. 


quickly  through  tlie  lower  grades  of  alcohol,  and  not  remain 
for  more  than  a  few  hours  in  alcohol  of  95  per  cent,  or 
absolute.  They  should  be  cleared  with  cedar  oil  (xylol 
attacks  the  impi-ognation),  and  put  direct  into  paraffin  of 
as  low  a  melting  point  as  possible.  The  cedar  oil  should 
be  used  over  and  over  again,  as  it  takes  up  a  Httlp  silver 
(see  BROOKOvm,  Journ.  Comp.  Neurol.,  xx,  1910,  p.  49). 

822.  Mounting. — Without  special  precautions,  the  stain  will 
not  keep  in  sections  mounted  under  a  cover  in  the  usual  way. 
An  elaborate  discussion  (for  which  see  iirevions  editions) 
between  Sehrwai.d  [Zelt.  wiss.  Mih.,  vi,  1890,  p.  443), 
Samassa  {ibid.,  vii,  1890,  p.  26),  and  Fxck  {ibid.,  viii,  1891, 
p.  168)  furnishes  the  net  practical  result  that  watery  fluids 
should  be  avoided  as  much  as  possible  during  the  after- 
treatment,  and  that  sections  should  either  be  mounted  with- 
out a  cover,  or  on  a  cover  raised  free  of  contact  with  the 
slide  by  means  of  wax  feet  or  the  like,  or,  for  study,  inverted 
over  tlie  aperture  of  a  hollowed-out  wooden  slide ;  or  that 
the  balsam  of  the  mount  shouldbe  rendered  perfectly  anhydrous 
by  careful  heating  on  the  slide,  with  the  section  in  it,  until 
it  immediately  sets  hard  on  cooling,  before  the  cover  is 
applied. 

This  last  method  is  also  recommended  by  Hdbee  {Anat. 
Anz.,  vii,  1892,  p.  587).  I  think  it  is  safer  to  keep  the 
mount  uncovered  till  the  sections  have  become  quite  dry  in 
it,  and  the  balsam  (applied  from  time  to  time  in  thin  layers) 
quite  hard ;  then  cover  with  a  warmed  cover  pressed  down. 

But  if  mounting  under  a  cover  at  once  be  preferred,  one 
of  the  following  methods  may  be  employed. 

823.  Greppin's  Process  {Arch.  Anat.  Entw.  Anat.  Abth.,  1889, 
Supp.,  p.  55). — Sections  are  treated  for  thirty  to  forty  seconds  (nutil 
whitisli)  with  10  per  cent,  solution  of  hydi-obromic  acid,  and  then  well 
washed  in  several  changes  of  water  and  mounted  under  a  cover  in  the 
iisual  way.  They  can  be  further  reduced  in  sunlight  if  desired.  Further 
details  in  previous  editions. 

824.  Obbegia's  Process  {Vircliow's  Arrhiv,  cxxii,  1890,  p.  387). — 
Sections  are  brought  from  absolute  alcohol  into  a  mixture  of  eiglit  to 
ten  drops  of  1  per  cent,  solution  of  gold  chloride  with  10  c.c.  of  absolute 
alcohol,  which  should  be  prepared  half  an  hour  beforehand  and  exposed 
to  diffused  light  until  the  sections  are  placed  in  it,  when  it  should  be 


AXIS-OYMNDEll  AND  DENDIUTB  STAINS. 


431 


put  into  the  dark.  After  fifteen  to  thii-ty  minutes  therein,  according  to 
their  thickness,  the  sections  ai-e  quickly  washed  in  50  per  cent,  alcohol, 
then  in  water,  then  treated  for  five  or  ten  minutes  (not  more)  wath 
10  per  cent,  solution  of  hyposulphite  of  soda.  They  are  lastly  washed  well 
with  water,  and  may  he  then  mounted  at  once  in  balsam  under  a  cover, 
or  if  desired  may  be  previously  stained  with  cai-mine  or  hasmatoxylin,  or 
Pal's  modification  of  Weigert's  process,  or  the  like. 

825.  Kallius  (Ancd.Hefte,  ii,  1892,  p.  271)  has  worked  out  the  follow- 
ing process.  Take  20  c.c.  commercial  hydroquinone  developing  solution 
an'd  230  c.c.  distilled  water  (the  hydi-oquinone  solution  may  be  made  up 
with  5  grms.  hydi-oquiuone,  40  gi-ms.  sodium  sulphite,  75  grms.  cai-bonate 
of  potassium,  and  250  gnns.  distilled  water).  At  the  instant  of  using, 
further  dilute  the  solution  with  one  third  to  one  half  its  vohune  of 
absolute  alcohol,  and  put  the  sections  (from  which  the  imi-educed  silver 
has  been  removed  as  far  as  possible  by  washing  in  many  changes  of 
alcohol)  into  it  for  several  minutes ;  they  become  dark  grey  to  black. 
They  are  then  put  for  ten  to  fifteen  minutes  into  70  per  cent,  alcohol, 
then  brought  for  five  minutes  into  solution  of  hyposulphite  of  soda 
(about  10  pai-ts  to  50  of  water),  and  thence  into  a  large  quantity  of 
distilled  water,  where  they  should  remain  for  twenty-fom-  hours  or 
more.  Lastly,  dehydrate  in  the  usual  way  and  mount  under  a  cover. 
After-staining  with  carmine,  etc.,  may  be  employed. 

CuEBERi  (Anat.  Anz.,  xxxii,  1908,  p.  432)  after  fixing  tones  for  a  short 
time  in  O'?  grms.  gold  chloride,  3  grms.  sodium  acetate,  and  100  c.c.  water. 

826.  Zimmeemann's  Process  {Arch.  mile.  Anat.,  lii,  1898,  p.  554). — 
Sections  are  brought  from  alcohol  into  a  large  quantity  of  a  mixture  of 
1  part  physiological  salt  solution  and  2  parts  96  per  cent,  alcohol. 
They  mxist  be  kept  in  motion  therein  for  ten  to  fifteen  minutes,  after 
which  they  are  brought  into  alcohol  of  75  to  96  per  cent,  in  a  bright  light, 
untU  they  have  become  dark  (half  a  day).  They  may  be  after-stained 
with  thionin  (cells  blue). 

Later  {Arch.  Mik.  Anat,  Ixxviii,  1911,  p.  199)  he  reduces  in  20  c.c.  of 
satm-ated  solution  of  carbonate  of  soda  with  O'S  grm.  of  adurol  for 
several  hours,  and  after-stains  with  heemalum  or  alum  cochineal. 


The  Sublimate  Method. 

827.  Goi-ai's  Bichromate  and  Sublimate  Method  {Archivio  per 
le  Scieiize  Mediche,  1878,  p.  3;  Archives  Italiennes  de  Biologie, 
iv,  1883,  p.  32;  vii,  1886,  p.  35).— For  liavdening,  use  either 
a  solution  of  bicliromate  of  potash  progressively  raised  from 
1  per  cent,  to  2^  per  cent.,  or  Miiller's  solution.  It  is  hest 
to  take  small  pieces  of  tissue  (not  more  than  1  to  2  c.c), 
large  quantities  of  liquid,  and  change  the  latter  frequently. 
But  the  reaction  can  be  obtained  with  much  larger  pieces, 
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even  entire  hemispheres.  In  tliis  case  the  brain  should  at 
first  be  treated  by  repeated  injections  of  the  liquid.  Fifteen 
to  twenty  days'  immersion  will  suffice,  or  even  six  to  eight, 
but  twenty  to  thirty  should  be  preferred,  and  an  immersion 
of  several  months  is  not  injurious. 

The  tissues  when  hardened  are  passed  direct  from  the 
bichromate  into  0"5  per  cent,  solution  of  bichloride  of  mercury. 
An  immersion  of  eight  to  ten  days  therein  is  necessary  in 
order  to  obtain  a  complete  reaction  (or  for  entire  hemispheres 
two  months  or  more).  The  solution  must  at  first  be  changed 
every  day,  and  later  on  as  often  as  it  becomes  yellow.  At 
the  end  of  the  reaction  the  preparations  will  be  found 
decolourised,  and  offering  the  aspect  of  fresh  tissue.  They 
may  be  left  in  the  bichloride  for  any  time. 

In  Bendiconti  B.  1st.  Lombardo  di  Sci.  Milano,  2,  xxiv,  1891,  pp.  594, 
656  (see  Zeit.  wiss.  Mik.,  viii,  3,  1891,  p.  388),  Golgi  says  that  for  the 
study  of  the  "  diffuse  nervous  reticulum  "  of  the  central  nervous  system 
the  best  results  are  obtained  by  keeping  the  preparations  in  1  per  cent, 
sublimate  for  a  very  long  time,  two  years  being  not  too  much  in  some 
cases. 

The  reacjtion  may  be  said  to  have  begun  by  the  time  the 
tissues  are  nearly  decolourised.  From  that  time  onwards 
sections  may  be  made  day  by  day  and  mounted  if  successful. 

Before  mounting,  the  sections  must  be  repeatedly  washed 
with  water,  otherwise  they  will  be  spoilt  by  the  formation  of 
a  black  precipitate.  (In  the  last  place  quoted  Golgi  says 
that  after  washing  they  may  be  toned  by  putting  them  for  a 
few  minutes  into  a  photographic  fixing-and-toning  bath,  after 
which  it  is  well  to  wash  them  again,  and  stain  them  with 
some  acid  carmine  solution.)  Mount  in  balsam  or  (prefer- 
ably) glycerin. 

The  elements  acted  on  are— (1)  The  ganglion  cells,  with 
all  their  processes  and  ramifications.  (2)  Nuclei,  which  is 
not  the  case  with  the  silver  process.  (3)  Neuroglia  cells. 
But  the  reaction  in  this  case  is  far  less  precise  and  complete 
than  that  obtained  by  the  silver  process.  (4)  The  blood- 
vessels, and  particularly  their  muscular  fibre  cells. 

The  method  is  said  to  give  good  results  only  with  the 
cortex  of  the  cerebral  convolutions,  hardly  any  results  at  all 
with  the  spinal  cord,  and  very  scanty  results  with  the;  cere- 
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bellum.  It  is  superior  to  the  silver  inetliod  in  that  the 
reaction  can  always  be  obtained  with  perfect  certainly  in  a 
certain  time ;  that  the  preparations  can  be  perfectly  pi-e- 
served  by  the  usual  methods ;  and  that  large  pieces  of  tissue 
can  be  impregnated.  It  generally  gives  a  more  abundant 
impregnation  than  the  silver  method. 

See  also  Flatau^  in  Arch.  mik.  Anat.,  xlv,  1895^  p.  158. 

Modifications  of  Golyi'a  JBichroviale  and  SiMimate  MetJiod. 

828.  Pal  [Erratim  "  Tal,"  loc.  cit.']  {Gazz.  degli  OspitaU,  1886,1^0.  68) 
finds  that  if  sections  made  by  this  process  be  treated  with  sohition  of 
sodiiuu  sulphide,  a  much  darker  stain  is  obtained.  Sections  may  then 
advantageously  be  double-stained  with  Magdala  i-ed. 

Golgi's  method  may  be  combined  with  Weigert's  nerve  stain  (see  Pal, 
Wien.  nied.  Jahrb.,  1886  ;  Zeit.  wiss.  Mile,  v,  1887,  p.  93). 

For  Plechsig's  modifications,  see  Arch.  Anal;.  Phys.,  Physiol.  Abth., 
1889,  p.  .537. 

829.  Cox  {Arch.  viik.  Anal.,  xxxvii,  1891,  p.  16)  finds  the 
sublimate  and  bichromate  may  be  used  together.  He  used  a 
fluid  consisting  of  20  parts  5  per  cent,  bichromate,  20  parts 
5  per  cent,  sublimate,  16  parts  5  per  cent,  simple  chromate 
of  potash,  and  30  to  40  jaarts  of  water.  (The  chromate 
should  be  diluted  with  the  water  before  adding  it.)  The 
mixture  should  be  as  little  acid  as  possible.  The  pieces  of 
tissue  should_,be  small.  The  duration  of  the  impregnation  is 
from  two  to  three  months.  There  is  considerable  difficulty 
in  preserving  sections,  which  are  best  niade  with  a  freezing 
microtome,  alcohol  being  avoided,  treated  for  an  hour  or  two 
with  5  per  cent,  solution  of  sodium  carbonate,  and  mounted 
without  a  cover,  in  a  medium  composed  of — gum  sandarac, 
75  gr. ;  camphor,  15  ;  oil  of  turpentine,  30  ;  oil  of  lavender, 
22"5  ;  alcohol,  75  ;  castor  oil,  5—10  drops.  For  examination, 
add  a  drop  of  castor  oil,  and  cover. 

Dr.  A.  Sanders  writes  me  (June,  1898)  that  the  stain  keeps  very  well 
if  the  sublimate  be  well  removed  by  wasLing  in  m;iny  changes  of  alcohol, 
and  the  tissues  passed  through  alcohol  and  ether  into  celloidin,  and  the 
sections  mounted  in  chloroform-balsam  imder  a  cover.  I  find  the  slain 
keejis ;  but  the  preparations  quickly  develop  opaque  granules  that  are 
very  undesii'able. 

Beemeb  {Anal.  Bee,  1910,  p.  265)  cuts  in  celloidin  and  stains  with 
alum  hajmatein  and  eosin. 
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Foi-  tlie  very  complicat'jd  pl;i,tiuiiiii-aiil)-<titiitioii  processes  of  Robbet- 
SON  ami  Macdonald  see  Joiu-ii.  Muut.  Sd.,  xlvii,  1901,  p.  327  ;  or  Jourii. 
Boy.  Mic.  Soc,  1902,  p.  501. 


830.  ZiKU ion's  Gold  and  Sublimate  Method  {Neurol.  Centrulb., 
X,  1891,  p.  65). — Small  pieces  of  fresh  material  are  thrown 
into  a  large  quantity  of  a  mixture  of  1  per  cent,  sublinrate 
solution  and  1  per  cent,  chloride  of  gold  solution  in  equal 
parts.  They  remain  therein  for  at  least  three  weeks, 
preferably  for  several  months  (up  to  five),  by  which  time 
they  will  have  become  of  a  metallic  red-brown  colour.  They 
are  gummed  on  cork  and  sectioned  without  imbedding.  The 
sections  are  treated  either  with  Lugol's  solution  diluted  with 
four  volumes  of  water,  or  with  dilute  tincture  of  iodine,  until 
duly  differentiated,  then  washed  and  mounted  in  balsam. 
Both  medullated  and  non-medullated  nerve-fibres  are  staiued, 
also  nerve  and  glia  cells  and  their  processes. 


831.  Khohnthal's  Lead  Sulphide  Impregnation  {Neurol.  Cen- 
tralb.,  xviii,  1899,  No.  5  j  Zeit.  loiss.  Mik.,  xvi,  1899,  p.  235) 
consists  in  treating  tissues  first  with  formate  of  lead  and 
then  with  hydric  sulphide.  The  formate  is  prepared  by 
dropping  formic  acid  slowly  into  solution  of  acetate  of  lead. 
White  crystals  of  formate  of  lead  are  abundantly  formed  ; 
the  mother  liquor  is  filtered  off,  and  the  crystals  are  dis- 
solved to  saturation  in  water.  The  solution  is  mixed  with 
an  equal  volume  of  10  per  cent,  formol  ;  pieces  of  brain  or 
spinal  cord  are  put  into  the  mixture  for  five  days,  and  are 
then  brought  direct  into  a  mixture  of  equal  parts  of  10  per 
cent,  formol  and  hydric  sulphide  isolation.  After  five  days 
therein  they  are  cut  in  celloidin,  and  the  sections  mounted  m 
xylol-balsam  under  a  cover.  They  seem  to  be  quite  perma- 
nent. Nerve-cells  as  Avell  as  nerve-fibres  are  impregnated. 
The  impregnation  is  a  very  complete  one. 

Corning  (Anat.  Am.,  xvii,  1900,  p.  108)  hardens  the 
tissues  with  10  per  cent,  formol  before  bringing  them  into 
the  formol-formate  mixture,  and  so  obtains  better  results. 
He  obtains  his  formate  of  lead  direct  from  Mekck  {Flumhiim 
fonnicicum).  He  prefers  to  cut  without  imbedding.  Other 
details  loc.  cit. 
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832.  Wolter's  Chloride  of  Vanadium  process  {Zeit.  ivisn. 
Mile,  vii,  1891,  p.  471)  : 

The  material  (either  central  or  peripheral  nervous  tissue) 
is  hardened  in  the  bichromate  liquid  of  Kultsghitzy,  §  55, 
followed  by  alcohol,  as  there  described.  Sections  are  inor- 
danted  for  twenty-four  hours  in  a  mixture  of  2  parts  of  iO 
per  cent,  solution  of  chloride  of  vanadium  and  3  parts  of 
3  per  cent,  solution  of  acetate  of  aluminium,  washed  for  ten 
minutes  in  water,  and  stained  for  twenty-four  hours  in  a 
solution  of  2  grms.  of  ha^matoxylin  (dissolved  in  a  little 
alcohol)  in  100  c.c.  of  2  per  cent,  acetic  acid.  They  are 
washed  out  until  they  are  of  a  light  blue-red  colour  in  80  per 
cent,  alcohol  acidulated  with  0*5  per  cent,  of  hydrochloric 
acid.  Remove  the  acid  thoroughly  by  washing  with  pure 
alcohol,  dehydrate,  clear  with  origanum  oil,  and  mount. 

Chiefly  an  axis-cylinder  stain,  myelin  being  coloured  only 
if  the  differentiation  in  the  acid  alcohol  is  insufficient,  but 
cells  are  also  stained. 

833.  Methylen  Blue.— Metbe  {Arch.  mile.  Anat.,  xlvi,  1895,  p.  282, 
iiud  xlvii,  1896,  p.  734')  has  obtained  good  results  (for  the  central  nervous 
system,  nob  for  the  peripheral)  by  meaus  of  subcutaneous  injection. 
Large  quantities  of  solution  must  be  injected,  iu  several  portions,  at 
intervals  of  one  to  several  hours.  After  some  time  the  organs  should  be 
thrown  direct  into  the  bath  of  Bethe,  §  344,  aud  remain  in  it  till  the 
next  day. 

Ramon  y  Cajal  {Bev.  Trim.  Micr.,  Madi-id,  i,  1896,  p.  123 ;  Zeit.  wiss. 
Mik.,xiv,  1897,  p.  92)  stains  by  "propagation"  or  " difEusiou."  The 
brain  is  exposed  (rabbit)  aud  the  cortex  is  divided  into  slices  of  a  couple 
of  millimetres  thickness  hj  meaus  of  a  razor.  The  slices  are  then 
covered  on  both  sides  either  with  linely  powdered  methylen  blue,  or 
with  a  saturated  solution  of  the  same,  the  sUces  are  replaced  iu  their 
uatm-al  positions,  the  brain  case  is  replaced  for  half  an  horn-,  after 
which  the  slices  are  removed  and  fixed  for  a  couple  of  hours  with  Bethe's 
auunonium  molybdate,  washed,  hardened  for  three  or  four  hours  in  a 
mixture  of  5  parts  1  j)er  cent,  platinum  chloride,  40  parts  formol,  aud  60 
parts  water,  further  treated  for  a  few  minutes  with  platinum  chloride 
iu  alcohol  (1  in  300),  aud  if  small  enough  imbedded  iu  paraffin.  The 
sections  should  be  dehydrated  with  alcohol  containing  0'3  per  cent,  of 
platinum  chloride,  and  may  be  cleared  with  xylol  or  Ijergamot  oil  and 
mounted.  The  stain  is  stronger  and  more  complete  than  that  of  the 
other  methylen  blue  methods. 


Catois  {Comptes  Bend.,  cxxiv,  1897,  p.  124)  injects  con- 
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ceiitni,tt'd  niukliyleii  blue  into  the  body-cavity  of  Tisheb, 
removes  the  brain  after  half  an  hour,  puts  slices  of  it  into 
the  same  solution  for  half  an  honr,  and  fixes  as  usual. 

Lennhofi'  [Neurol.  Zentralh.,  1910,  p.  1)  has  some  com- 
plicated methods  with  polychrome  methylen  blue  and 
sulplio-cyanide  of  potassium,  or  ferricyanide. 

834.  Lennhoff's  Iron  Method  {ihid.). — Sections  put  for 
thirty  seconds  into  2  c.c.  of  15  per  cent,  solution  of  tannin 
with  3  di-ops  of  5  per  cent,  solution  of  oxalic  acid,  rinsed  in 
water,  then  for  a  few  seconds  in  1  per  cent,  solution  of 
chloride  of  iron  till  no  further  blackening  occurs,  then 
washed,  dehydrated  and  mounted  in  balsam.  Axis  cylinders 
black,  cells  grey. 

835.  Fajerstajjj's  Haematoxylin  {Pohi.  Arch.  Biol.  Med. 
Wiss.,  i,  1901,  p.  189). — Sections  by  the  freezing  method  of 
material  fixed  for  two  to  seven  days  in  formol  of  5  to  10 
per  cent,  mordanted  for  five  to  twenty-four  hours  in  chromic 
acid  of  0-25  to  0-6  per  cent.,  well  washed,  stained  for  twenty- 
four  hours  in  1  per  cent,  aqueous  haematoxylin,  and  differen- 
tiated by  the  method  of  Pal. 

Other  Methods. 

836.  Nabias  [C.  R.  8oc.  Biol,  Ivi,  1904,  p.  426)  treats 
sections  until  yellow  with  solution  of  1  gnn.  iodine  and 
2  grms.  iodide  of  potassium  in  300  of  water,  washes,  treats  for 
a  few  minutes  with  1  per  cent,  chloride  of  gold,  washes  and 
reduces  in  anilin  or  resorcin  in  water  (1  :  100,  or  less  for  the 
latter)  and  mounts  in  balsam. 

Apathy's  Gold  Method  has  been  given  §  371. 

Gbelach's  Biehromate  and  Gold  ProeeFS  Las  been  given.    §  369. 

For  a  complicated  Gold  Method  of  Ramon  y  Oajai,  see  Bev.  trim. 
Micr  V  1900,  p.  95  ;  or  Zeit.  ivifs.  Mile,  xis,  1902,  p.  187. 

For  Upson's  exceedingly  complicated  Gold  and  Iron  and  Vana- 
dium Methods  see  Mbrcieb,  in  Zeit.  wiss.  Mik.,  vii,  1891,  p.  47-J.;  or  m 
Ins  Coupes  da  Systhne  Nervcux  Central,  p.  234;  or  early  editions 

For  Fajbrstajn's  complicated  Silver  Method  see  JVeuroL  Centralb., 
XX  1901  p  98  ;  or  Zeit.  wiss.  Mile,  xviii,  1901,  p.  214. 

Magini's  Zinc  Chloride  Process  (see  Boll.  Accad.  Med.  di  Soma, 
1886;  Zeit.  wiss.  Mile,  1888,  p.  87,  or  early  editions). 
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Monti's  Copper  Process,  see  Atti.  B.  AccacJ.  Lined  Roma,  Rendic, 
V,  1889,  p.  705  ;  Zeit.  wiss.  Mik.,  vii,  1890,  p.  72. 

Anthraeen  Ink  (Leonhardi's,  obtainable  from  Griibler)  is  used  in  a 
complicated  way  by  Kaplan,  Arcli.  Psychicdr.,  xxxv,  1902,  p.  825  {Zeit. 
luiss.  Mik.,  xix,  1903,  p.  510). — Strahuber,  Cevtralh.  allg.  Path.,  xiii, 
1901,  p.  422  {Zeit.  wiss.  Mik.,  xviii,  1902,  p.  482)  (pathological). 
Mallory's  phosplio-molybdic  hcBmatoxylin,  see  §  271.  Sahli's 
methods,  see  §  803. 

Donaggio's  Tin  stain,  see  §  273.  • 

And  see  also  under  Neurofibrils. 


CHAPTER  XXXV. 


NEUROGLIA,  AND  SENSE  ORGANS. 
Neuroglia. 

837.  Introduction. — Neuroglia,  cells  may  be  isolated  by 
teasing,  and  may  be  stained  in  many  ways  (see  Ranviek, 
Traite,  p.  1063),  by  osmic  acid,  nigrosin,  carmine,  orcein. 
Iron  haematoxylin  is  said  to  give  good  results  with  tlie  lower 
vertebrates.  (I  have  not  found  it  so.)  But  by  far  the  best 
method  for  the  study  of  the  forms  and  relations  both  of 
ependyma  cells  and  astrocytes  is  the  Bichromate-and-silver 
Impregnation  of  Golgi,  the  best  material  being  that  which 
has  been  for  not  more  than  two  or  three  days  in  the  osmio- 
bichromic  mixture. 

This  method,  however,  does  not  tinctorially  differentiate 
between  neuroglia-cells  and  nerve-cells,  and  is  of  no  use  for 
mapping  out  tracts  of  neuroglia  as  a  whole.  The  following 
methods  are  intended  for  this.  They  either  stain  neuroglia 
more  or  less  specifically,  leaving  other  tissues  unstained 
(Weigert),  or  stain  it  in  a  different  tone  to  other  tissues. 
None  of  them  are  satisfactory.  Weigert's  process  stains  the 
processes  of  the  cells  (his  "  fibres  ")  intensely,  whilst  leaving 
the  cell-body  unstained ;  and  in  consequence,  if  exclusively 
followed,  may  lead  to  erroneous  conclusions. 

838.  Weigert's  Neuroglia  Stain  (Weigert's  Beitr.  zur 
Kenntniss  der  normalen  menschlichen  Neuroglia,  Frankfurt- 
a-M.,  1895  J  and  his  art.  "  Neurogliafixrhung"  in  Encycl. 
Mil:  Teclmi'k). — Pieces  of  'very  fresh  tissue  of  not  more  than 
half  a  centimetre  in  thickness  are  put  for  at  least  four  days 
into  10  per  cent,  formol.  ■  They  are  then  mordanted  for  four 
or  five  days  in  an  incubating  stove  (or  for  at  least  eight  days 
at  the  temperature  of  the  laboratory)  in  a  solution  containing 
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5  per  cent,  of  nentral  acetate  of  copper,  5  per  cent,  of  acetic 
acid,  and  2i  per  cent,  of  chrome  alum,  in  water.  Add  the 
alum  to  the  water,  raise  to  boiling  point,  and  add  the  acetic 
acid  and  the  acetate,  powdered  (or  [Ewycl,  2nd  ed.,  p.  303] 
instead  of  the  chrome  alum,  you  may  take  chromium  fluoride, 
which  obviates  the  necessity  of  boiling).  If  preferred,  the 
mordant  may  be  dissolved  in  the  formol  solution,  so  that  the 
hardening  and  mordanting  are  done  at  the  same  time. 

After  the  mordanting  the  tissues  are  washed  with  water, 
dehydrated,  imbedded  in  celloidin,  and  sectioned.  The 
sections  (not  too  thick)  are  treated  for  ten  minutes  with  a 
i  per  cent,  solution  of  permanganate  of  potash,  and  well 
washed  in  water.  They  are  then  treated  for  two  to  four 
hours  with  a  solution  of  "  Ohromogen."  This  is  a  naphthalin 
compound  prepai-ed  by  the  Hoechst  dye  manufactory.  The 
solution  to  be  used  is  prepared  as  follows  :  5  per  cent,  of 
"  Ohromogen"  and  5  per  cent,  of  formic  acid  {of  1-20  sp.  gr., 
about  four  times  as  strong  as  the  officinal)  are  dissolved  in 
water,  and  the  solution  carefully  filtered.  To  90  c.c.  of  the 
filtrate  are  added  10  c.c.  of  10  per  cent,  solution  of  sodium 
sulphite. 

After  this  bath,  the  sections  are  put  till  next  day  into  a 
saturated  (5  per  cent.)  solution  of  Chromogen.  (Instead  of 
the  Chromogen  treatment,  you  may  simply  treat  the  sections 
with  Pal's  potassium  sulphite,  §  783,  and  the  results  will  be 
nearly  as  g»ood.) 

Iliey  are  next  carefully  washed  and  stained.  This  is  best 
done  on  the  dide.  The  stain  is  a  warm-saturated  solution 
of  methyl  violet  in  alcohol  of  70  to  80  per  cent,  (to  which, 
after  cooling  and  decanting,  there  may  be  added,  if  desired, 
5  per  cent,  of  5  per  cent,  aqueous  solution  of  oxalic  acid). 
The  sections  are  treated  with  this  for  a  few  seconds  to  one 
minute,  and  mopped  up  with  blotting-paper,  then  treated  for 
an  instant  with  saturated  solution  of  iodine  in  iodide  of 
potassium  of  5  per  cent.  They  are  then  differentiated  till 
clear  and  light  blue  with  a  mixture  of  anilin  and  xylol  in 
equal  parts.  Wash  this  out  thoroughly  with  pure  xylol, 
and  mount  in  balsam,  or,  preferably,  turpentine  colophonium. 

Glia  fibres  and  nuclei  blue,  cytoplasm  invisible. 

This  method  only  gives   good  results  with  the  human 
subject. 
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Mallory  {Journ.  Expo:  Med.,  1897,  p.  532)  fixes  tissues  for  four  days 
in  10  per  cent,  solution  of  formalin,  then  for  four  to  eight  in  sjitui'ated 
solution  of  picric  acid  (or  for  the  same  time  in  a  mixture  of  the  two), 
then  mordants  for  four  to  six  days  at  37°  C.  in  5  per  cent,  solution  of 
bichromate  of  ammonia,  makes  sections  (celloidin)  and  stains  them  in 
WEiGERT'syifcrjji  stain. 

Stobch  {Virchoio's  Arch.,  clvii,  1899,  p.  127;  Zeit.  wias.  Mih.,  xvi, 
1900,  p.  475),  instead  of  mordanting  the  material  in  bulk  with  the  copper 
fluid,  first  makes  celloidin  sections. 

Baetel  [Zeit.  loiss.  Mile,  xxi,  1904,  p.  18)  first  makes  paraffin  sections 
and  treats  them  with  all  the  reagents  without  removing  the  paraffin, 
until  they  have  passed  the  anilin-xylol  mixture,  which  should  consist  of 
1  of  anilin  to  10  of  xylol  (or  more),  and  be  allowed  to  act  for  twelve  to 
twenty-four  hours. 

Sand  takes  material  fixed  as  for  his  neurofibril  stain,  p.  400,  and  stains 
it  as  Weigert. 

See  also  Agtjerre  and  Krause,  A7-ch.  Mih.  Anat.,  clii,  1900,  p.  509 ; 
and  "Wimmer,  Zdt.  wiss.  Mih.,  xxiv,  1907,  p.  192. 

Eqbaschkin  [Arch.  viik.  Anat.,  Ixiv,  1901.,  p.  577)  injects 
centres  of  small  mammals  wifcli  the  fixing  liquid.  To  make 
this,  take  100  pai-ts  oE  2"5  per  cent,  solution  of  bichromate  of 
potash  and  0"5  to  1  of  acetate  of  copper,  boil,  and  add  2*5 
to  3  of  glacial  acetic  acid.  To  this  (which  may  be  kept  in 
stock)  add  just  before  use  10  per  cent,  of  formol.  Inject 
w^arm,  and  after  ten  minntes  dissect  out  and  liarden  in  the 
liquid  for  five  to  seven  days  at  3-5°  to  40°  C.  Dry  super- 
ficially, put  for  six  to  twelve  hours  in  alcohol  of  95  per  cent., 
and  get  into  celloidin  or  paraffin.  Stain  sections  on  slide  for 
six  to  twelve  hours  in  saturated  aqueous  solution  of  methj'l- 
violet  B;  treat  for  half  a  minute  to  a  minute  Avith  Gram's 
iodine  in  iodide  of  potassium  (1  :  200  or  300)  ;  differentiate 
in  anilin  or  clove  oil  and  pass  through  xylol  into  balsam. 
Said  to  give  very  sharp  results  with  small  mammals. 

839.  Benda's  Methods  {Neurol.  Centralh.,  xix,  1900,  p.  796,  and  his  ai-t 
"  Neurngliafdrhuvg"  Evcijcl.  Mik.  Technik.,  ii,  p.  308)  are  as  follows  .- 
The  material  is  to  be  fixed  with  alcohol,  and  further  treated  with  nitric 
acid,  etc.,  as  directed  for  centra  somes,  §  651,  and  parafiin  sections  are 
made  and  fixed  to  slides  and  the  paraffin  removed.  They  are  then 
mordanted  and  stained  as  directed  tmder  (&),  §  651  and  differentiated 
and  mounted  as  there  described. 

Glia  fibres  and  nuclei  blue,  the  rest  red. 

Besides  this.  Bbnda  also  recommends  hardening  and  making  paraffin 
s  cLious  as  described, then  staining  with  the  modified  WEiGERTstain  given 
for  ooutriil  corpuscles  under  ("),§  651  ;  or,  staining  with  HEinENHAiN's 
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iron  lifBnmtoxyliii,  and  differentiating  with  2  per  cent.  iron-a,him  or 
■Weioert's  borax-ferricyanide  mixture. 
See  also  Meves,  Arch.  viih.  Amd.,  Ixxi,  1908,  p.  573. 

840.  Mai,lory's  Haematoxylin  Stains  (Journ.  Exper.  Med.,  v, 
1900,  p.  19). — Tissues  to  be  fixed,  mordanted,  and  cut  as 
directed  under  Mallory,  §  838.  The  sections  are  put  for  a 
quarter  of  an  hour  into  0-5  per  cent,  solution  of  permanganate 
of  potash,  washed  and  put  for  a  quarter  of  an  hour  into  1  per 
cent,  solution  of  oxalic  acid,  well  washed  and  stained  for 
twelve  to  twenty-four  hours  or  more  in  Mallory's  phospho- 
tungstic  hematoxylin.  Wash,  dehydrate  in  95  per  cent, 
alcohol,  clear  with  organum  oil,  mount  in  xylol-balsam. 
Axis-cylinders  and  nerve-cells  pink,  neuroglia  blue.  To  get 
a  more  isolated  stain  of  neuroglia,  the  sections  should  be 
brought  for  five  to  twenty  minutes,  after  staining,  into  a  30 
per  cent,  alcoliolic  solution  of  dry  sesquichloride  of  iron. 
Neuroglia  and  fibrin  blue,  the  rest  colourless. 

Mallory's  phospho-TOoZ7/6dtc  haematoxylin  may  also  be 
taken  for  the  stain,  but  is  less  elective. 

Da  Fang  [Ricerche  Lah.  Anat.  Roma,  xii,  1906,  p.  Ill) 
fixes  in  a  mixture  of  72  vols,  of  pyridin  with  28  of  nitric  acid 
of  50  per  cent,  and  stains  as  Mallory.  Or,  be  fixes  in  a 
mixture  of  8  vols,  of  nitrate  of  pyridin  with  1  vol.  of  osmic  acid 
of  1  per  cent.,  and  stains  with  Benda's  alizarin  toluidin  blue. 

FiEANBT  {Arch.  mile.  Anat.,  Ixxvi,  1910,  p.  15)  describes  a  very 
compUcated  modification  of  Mallory's  phosphotungstic  hematoxylin 
method. 

Alzheimer  (quoted  from  Spielmeyer's  "  Technic  cl.  mile.  Unfersuch. 
d.  Nervensy stems,"  p.  106)  fixes  in  Weigert's  mordant  (with  formol)  and 
stains  with  Mallory's  phosi  homolybdic  haimatoxylin. 

EiSATH  {Arch.  Psychiatr.  u.  Nervenheille.,  xlviii,  1911,  p.  896;  Zeit. 
luiss.  Mile,  1913,  p.  420)  has  a  highly  complicated  modification  of  the 
same  stain,  specially  for  glia  granules. 

841.  Anglade  and  Morei-  [Rev.  Neurol,  ix,  1901,  p.  157) 
harden  in  a  mixture  of  3  parts  of  liquid  of  FoL  (§  42),  with 
1  of  7  per  cent,  sublimate  solution,  dohydrnte  with  alcohol 
followed  by  aceton,  make  pai'affiii  sections  and  stain  in 
saturated  aqueous  solution  of  Victuria  hlue,  heated  till  it 
steams,  rinse  with  liquid  of  Gram  (§  287),  differentiate  with 
xylol  1  part,  anilin  2  parts,  and  mount  in  balsam.  Simple, 
applicable  to  lower  animals,  and  gives  very  sharp  images. 
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Similarly,  in  a  very  complicated  way,  L'hermitte  and  Guccione, 
Semaino  Medicnlc,  xxix,  1900,  No.  18,  and  Mekzbacher,  Jouni.  f. 
Psych,  u.  Neurol.,  xii,  1909,  p.  1  {Zeit.  whs.  Mile,  xxviii,  1911,  p.  229). 

See  also  G-ALBSESCtr,  C.B.  Soc.  Biol.,  Ixv,  1908,  p.  429  (sections  mor- 
danted with  resorcin  and  stained  with  methyl-violet  and  oxalic  acid). 

842.  Saurerubin. — Kultschitzky  {Anat.  Am.,  viii,  1893,  p.  357) 
stains  paraffin  sections  (of  material  hardened  in  his  copper  liquid,  §  55), 
either  for  five  to  ten  seconds  with  a  mixture  of  1  gnn.  Siiurerubin 
(Rubin  S.),  400  c.c.  2  per  cent,  acetic  acid,  and  400  c.c.  saturated  solution 
of  picric  acid,  or  for  half  an  hour  in  a  mixtui-e  of  3  to  5  c.c.  of  the  above 
stain  with  100  c.c.  of  96  per  cent,  alcohol  and  washes  out  well  with 
alcohol.    Glia  violet,  ganglion  cells  and  axis  cylinders  reddish. 

Insignificant  modifications  are  described  by  PoPOW,  Zeit.  wiss.  Mile, 
xiii,  1896,  p.  358,  and  Buecha.rdt,  La  Cellule,  xii,  1897,  p.  364. 

843.  Yamagiwa  {Virchow's  Arch.,  clx,  1900,  p.  358)  hardens  vei-y  small 
pieces  of  tissues  for  a  month  or  more  in  liquid  of  Miiller,  makes  celloidin 
sections,  stains  for  twelve  hours  in  saturated  alcoholic  solution  of  eosin, 
then  for  four  to  six  in  saturated  solution  of  anilin  blue  in  water,  and  dif- 
ferentiates in  dilute  alcohol  with  a  very  little  caustic  potash.  "Water, 
alcohol,  origanium  oil,  balsam.    Neuroglia  red,  axis-cylinders  blue. 

844,  AcHUCARRO  {Bol.  Soc.  Es2')an.  Biol.,  Madrid,  191  J,  p. 
139  j  Zrit.  wiss.  Mih.,  xxix,  1912,  p.  238)  puts  sections  of 
frozen  formol  material  into  cold  saturated  solution  of  tannin, 
warms  till  vapour  is  given  off,  I'inses,  and  puts  into  10  c.c. 
of  water  with  6  to  8  drops  of  Bielscliowsky's  oxide  of  silver 
solution  (undiluted).  As  soon  as  they  turn  yellow  they  are 
put  into  formol  of  10  per  cent.,  and  after  about  10  minutes 
washed  and  mounted. 

By  mordanting  the  matei-ial  with  5  per  cent,  acetate  of 
copper,  or  Weigert's  mordant,  and  silvering  by  Eanion  y 
Cajal's  process,  he  gets  a  stain  of  the  amoeboid  cells  of  the 
cortex. 

Retina.* 

845.  Fixation  and  Hardening. — Notwithstanding  the  Encrjcl. 
mik.  Technih.,  2nd  edition,  p.  75,  I  hold  that  osmic  acid  is  by 
far  the  best  fixing  agent.  The  retina  of  svmll  eyes  is  best 
prepared  by  fixing  the  entire  unopened  bulb  with  osmium 

*  Besides  the  sources  quoted  in  the  text,  see  Seligmann,  Die  mihro- 
skopischen.  TJniersiichungsmcthoden  des  Auges,  Berlin,  S.  Karger  (Karl- 
strasse  13),  1899  ;  Greep  Anleitung  zur  Mih:  TJntersuch.  d.  Auges, 
Berlin,  Hirschwald,  1898;  and  the  Art.  '•Retina"'  in  Eiicycl.  viih. 
Technilc,  2nd  edition,  p.  575. 
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vapour.  According  to  Ranvier  [Traite,  y>.  954)  you  may  fix 
tlie  eye  of  a  triton  (witliout  having  previously  opened  tlio 
■bulb — the  sclerotic  being  very  thin)  by  exposing  it  for 
ten  minutes  to  vapour  of  osmium.  Then  divide  it  by  an 
equatorial  incision,  and  put  the  posterior  pole  for  a  few  hours 
into  one-third  alcohol. 

Somewhat  larger  eyes,  such  as  those  of  the  sheep  and 
calf,  may  be  fixed  in  solutions  without  being  opened.  But 
it  is  generally  the  better  practice  to  make  an  equatorial 
incision,  and  free  the  posterior  hemisphere  before  putting  it 
into  the  liquid. 

The  older  practice  was  to  use  strong  solutions  of  pure 
osmic  acid  alone  ;  but  most  of  the  best  recent  work  has  been 
done  with  chromic  mixtures  following  the  osmium. 

Dr.  Lindsay  Johnson  tells  me  that  he  now  gets  the  best 
results  by  suspending  the  globe  over  the  steam  of  a  1  per 
cent,  osmic  acid  solution  raised  to  the  temperature  at  which 
vapour  is  seen  to  be  given  oif  (but  not  to  boiling  point),  for 
five  minutes  in  the  case  of  human  adults,  or  for  one  to  three 
minutes  in  the  case  of  human  infants,  all  monkeys  and  small 
mammals,  as  in  them  the  sclerotics  are  very  thin.  As  soon 
as  the  sclerotic  is  felt  to  be  firm  to  the  touch,  it  should  be 
opened  by  a  small  nick  with  a  razor  just  behind  the  ciliary 
body  ;  or  if  the  eye  be  that  of  an  adult,  the  cornea  and  lens 
may  be  removed.  The  eye  is  then  put  for  twelve  hours  into 
the  mixtui-fe,  §  44 ;  it  is  then  washed  in  running  water,  and 
suspended  in  a  large  volume  of  2  5  per  cent,  bichromate  of 
potash  for  two  days,  then  passed  gradually  through  successive 
alcohols,  beginning  with  20  per  cent.,  and  ending  with 
absolute,  taking  five  days  from  first  to  last. 

Similarly  Rochon-Dtttigneaud  {Arcli.  Anat.  Micr.,  ix,  1907,  p.  317;. 

Other  hardening  liquids,  however,  also  give  good  results, 
provided  that  the  fixation  by  the  osmic  acid  has  been 
properly  performed  :  amongst  them  liquid  of  Flemming,  and 
that  of  Muller.  Formaldehyde  mixtures  he  does  not  recom- 
mend. 

Leber  (Miinch.  med.  Wochenschr.,  xli,  30,  1894.;  Zeit.  wiss.  Mile.,  xii, 
1895,  p.  256)  advises  a  solution  of  fonnol  1,  water  10.  After  a  few  days' 
hardening  in  this,  the  eyes  may  be  cut  through,  it  is  said,  without  de- 
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rangemeiit  of  the  parts.  The  retina  lies  flat,  and  is  at  least  as  well  pre- 
served as  with  solution  of  Mi'iller. 

See  also  Hippel  (Arch.  f.  Ophthcdm.,  xlv,  18!)8,  p.  28G  ;  Zuit.  wi»». 
Mile,  xvi,  1899,  p.  79),  who  finds  that  formol  fixes  the  lens  badly,  the 
retina  well,  so  far  at  least  as  the  absence  of  folds  from  shrinkage  is  con- 
cerned; and  Herzog  {Arch.  mile.  Anat.,  Ix,  1902,  p.  517,  and  iiWi/cZ- 
viik.  Technilc,  p.  75),  who  also  approves  of  formol,  but  insists  that  it 
should  l)e  acid,  and  adds  3  to  5  per  cent,  of  acetic  acid. 

KoLMER  (Arch.  Gemmmtc  Phijs.,  cxxix,  p.  35),  fixes  for  twelve  to 
twenty-foxir  hours  in  a  mixture  of  4  parts  saturated  solution  of  bicliro- 
mate,  4  of  formol  of  10  per  cent.,  and  1  of  acetic  acid. 

Benda  (Vcrh.  Ges.  Naturf.  JErzte,  Ixxi  Vers.,  1900,  p.  459)  fixes  in 
nitric  acid  of  10  per  cent.,  and  hardens  in  liquid  of  Miiller,  twenty-four 
hours  in  each. 

ZuRN  (Arch.  Anat.  Phys.,  Anal  Abth.,  1902,  Supp,,  p.  106)  advises  (for 
mammals)  fixing  in  saturated  solution  of  sublimate  in  salt  solution  of 
0"6  per  cent.,  with  1  to  I5  per  cent,  of  acetic  acid  after  removing  the 
anterior  pole  and  the  vitreous.  Wash  out  in  alcohol  of  35  per  cent, 
made  5  per  cent,  stronger  each  day  vip  to  50  per  cent. ;  then  pass  on  to 
stronger  and  cedar  oil  and  parafiin. 

846,  Staining. — For  general  views  I  recommend  iron- 
liEematoxylin^  followed  by  Saurefuchsin  or  Picro-Sfiurefucli- 
sin,  or  preceded  by  Bordeaux ;  or  Kernschwarz,  followed  by 
safranin,  or  tlie  Elirlioli-Biondi  stain. 

The  Methylen-blue  intra-vitam  stain  has  given  valuable 
results  ;  see  the  methods  of  Dogiel. 

But  the  most  important  method  is  the  bichromate-and-silver 
impregnation  of  Golgi^  first  applied  to  this  object  by  Tartuperi 
(^Intern.  MonatsscTir.,  1887).  This  author  employed  the  rapid 
process.  So  also  Ramon  y  Cajal  {La  Cellule,  ix^  1893,  p.  121) 
with  the  double-impregnation  process,  §  815.  To  avoid  the 
formation  of  precipitates  on  the  tissues,  he  covers  the  retina, 
before  silvering,  with  a  piece  of  peritoneal  membrane,  or  a 
thin  layer  of  collodion.  Or,  better,  he  o-olls  the  retina 
[op.  cit.,  p.  130).  After  removing  the  vitreous,  the  retina 
is  cut  away  around  the  papilla  with  a  punch  or  fine  scalpel, 
and  separated  from  the  choroid.  It  is  then  rolled  up  (after 
being  cut  into  quadrants  or  not),  so  as  to  form  a  solid  block. 
This  is  painted  with  2  per  cent,  celloidin,  Avhicli  is  allowed 
to  dry  for  a  few  seconds,  and  the  whole  is  put  into  the 
bichromate  mixture,  and  further  treated  as  a  solid  mass  of 
tissue. 

Ramon  also  employs  his  neui'ofibril  silver  method,  .see 
Intern.  Monatsschr.  Anat.  Phys.,  xxi,  1904,  p.  393. 
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GoLGi^s  sublimate  impregnation  (Cox's  form)  lias  also  been 
successfully  employed  by  Kuausk  and  Ramon. 

The  bichromabe-and-silver  method  serves  for  the  study  of 
the  fibres  of  Miiller  and  neuroglia  cells,  as  well  as  neurones. 
Weigert's  neuroglia  stain  does  not  give  good  results. 

Lennox  (Arch.f.  Opthaim.,  xxxii,  1 ;  Zeit.  iviss.  Mile,  iii,  1886,  -p.  408) 
has  used  Weigert's  hajmatoxylin  method. 

KuHNT  {Jen.  Zeit.  Naturw.,  Bd.  xxiv,  H.  1,  1889,  p.  177)  employs 
Pal's  modification.  Similarly  Schaffer  {Sitzb.  Ahad.  wiss.  Wien.,  xcix, 
1890),  3,  p.  110 ;  Zeit.  iviss.  Mile,  viii,  1891,  p.  227).  These  methods  give 
a  differential  stain  of  rods  and  cones. 

For  the  zonida  and  cihary  body  see  Mawas,  Arch.  cVAnat.  micr.,  xii, 
1910,  p.  103. 

847.  Dissociation.— For  maceration  preparations  you  may 
use  weak  solutions  (0-2  to  0-5  per  cent.)  of  osmic  acid  for 
fixation,  and  then  macerate  in  0  02  per  cent,  cliroraic  acid 
(M.  Schultze),  or  in  iodised  serum  (M.  Schultze),  or  in 
dilute  alcoliol  (Landolt),  or  in  Miiller's  solution,  or  (Eanviee, 
Traits,  p.  957)  in  pure  water,  for  two  or  three  days.  Thin 
{Journ.  of  Anat.,  1879,  p.  139)  obtained  very  good  results 
by  fixing  for  thirty-six  to  forty-eight  hours  in  one-third 
alcohol,  or  in  25  per  cent,  alcohol,  and  then  staining  and 
■teasing. 

ScHiEPFERDECKBR  macerates  fresh  retina  for  several  days  in 
the  methyl  mixture,  §  543. 

Krause  ilutern.  Monatsschr.  Anat.,  1884,  p.  225)  recom- 
mends treatment  for  several  days  with  10  per  cent,  chloral 
hydrate  solution  ;  the  rods  and  cones  are  well  preserved. 


Inner  Ear. 

848.  Inner  Ear,  Dissection. — For  the  dissection  of  the  human  ear 
see  POLITZER,  "  Die  anatomische  u.  histologische  Zergliederuug  d.  men- 
schlichen  Gehoroganes,"  Stuttgart  (Euke),  1889  {Zeit.  wiss.  Mik.,^  vii, 
1890,  p.  364).  Amongst  the  lower  mammalia,  the  (juinca-pig  is  a 
favourable  subject,  as  here  (as  with  some  other  rodents)  the  cochlea 
projects  freely  into  the  cavity  of  the  bulla,  and  may  be  easily  removed 
witii  a  scalpel  aud  brought  into  a  iixiug  liquid,  and  opened  therem. 
With  fishes  and  amphibia  also  the  membranous  labyrinth  may  easily 
be  got  away. 

849.  Preparation.— Schwalbb  {Beitr.  Phyn.,  1887;  Zeit. 
wus.  Mile,  iv,  1887,  p.  90).— Fix  (cochlea  of  guinea-pig)  for 
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eight  to  toil  liourtj  in  "  Fleimiiiug,"  wash  in  water,  decalcify 
(twenty-four  hours  is  enough)  in  1  per  cent,  hydrochloric 
acid,  wash  the  acid  out,  dehydrate,  and  imbed  in  paraffin. 

PitENANT  {Intern.  Munatasch.  Anab.,  ix,  1892,  p.  28). — Open 
the  cochlea  in  solution  of  Fleiuniing  or  of  Hermann,  and  fix 
therein  for  four  to  five  hours.  Avoid  decalcification  as  far 
as  possible,  but  if  necessary  take  1  per  cent,  palladium 
chloride.     Make  paraffin  sections. 

Isolation  preparations  of  the  stria  vascularis  may  be  made 
by  putting  a  cochlea  for  a  day  into  1  per  cent,  solution  of 
osmic  acid,  then  for  four  to  five  days  into  0*1  per  cent, 
solution  j  the  stria  may  then  be  got  away  whole. 

Katz  [Zeit.  loitss.  Mile,  xxv,  1908,  p.  Ill)  fixes  the  inner 
ear,  opened,  for  one  or  two  hours  in  30  c.c.  of  0'5  per  cent, 
osmic  acid  with  5  drops  of  acetic  acid,  then  adds  10  di'ops 
of  acetic  acid  and  60  c.c.  of  chromic  acid  (or  platinum 
chloride)  of  0'5  per  cent,  and  leaves  it  for  four  diijs  therein. 
He  then  rinses,  puts  for  twelve  to  twenty-four  hours  into 
pyroligneous  acid  or  pyrogallol  or  tannin  solution,  decalcifies 
(not  necessary  for  mice)  in  200  parts  of  water  with  1  of 
chromic  acid  and  4  to  10  of  nitric  or  hydrochloric  acid,  and 
imbeds  in  celloidin  or  sometimes  paraffin. 

Similarly  Wittmaack,  see  §  799. 

BiBLSCHOWSKi  and  Bkuishl  {Arch.  viik.  Anut.,  Ixxi,  1907, 
p.  27)  fix  the  petrous  in  formol  of  20  per  cent.,  decalcify  it 
in  nitric  acid  of  5  per  cent.,  wash  this  out,  and  put  back  for 
a  few  days  into  the  formol,  cut  by  the  freezing  method,  and 
silver  by  the  neurofibril  method  §  770  (24  hours  in  nitrate 
of  4  per  cent.,  but  only  a  few  minutes  in  the  oxide  bath). 

Similarly  Mullknix,  Bull.  ihis.  Gump.  Zool.  Harvard  Gull., 
liii,  1909,  p.  215. 

Stein  {Anat.  Ana.,  xvii,  1900,  p.  398)  decalcifies  in 
celloidin  by  the  method  of  Eousseau.  So  also  Kishi  {Arch, 
mile.  Anat.,  lix,  1901,  p.  173). 

For  staining,  Rajsivier  {Traite,  p.  991)  employs  his  gold 
.and  formic-acid  method. 

The  bichromate-and-silver  method  of  Golqi  may  be  em- 
ployed with /ceiaZ  o?-  new-burn  subjects.  The  methylen  Hue 
intra  vitam  method  has  given  good  results.  For  the  higher 
vertebrates  the  injection  method  should  be  employed.  The 
Encycl.  mik.  Technik,  i,  p.  oil,  recommends  injection  of  1  c.c. 
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of  0-5  per  cent,  to  1  per  cent,  solution  every  five  minutes 

through  the  vena  feraoralis,  until  the  death  of  the  animal.  . 

The  cochlea  then  to  be  got  out,  exposed  to  the  air  for  15  or 

30  minutes,  and  fixed  for  some  hours  (overnight)  in  10  per 

cent,  anunonium  molybdate  with  a  little  osniic  acid.     Then  j 

decalcified  in  trichloracetic  acid  of  5  per  cent,  with  a  trace  ' 

of  platinum  chloride,  washing  for  24  hours  and  got  into 

paraffin. 

For  fishes  and  amphibia  the  immersion  method  will  suffice. 

850.  Other  Methods. — Waldbyee,  Strieker's  Hanclh.,  p.  958  (de- 
calcification either  in  O'OOl  per  cent,  palladivim  chloride  conttiining  10 
per  cent,  of  HOI,  or  in  chromic  acid  of  0-2.5  to  1  per  cent.). 

TJkban  Peitchabd  (Journ.  Boy.  Mic.  Soc,  1876,  p.  211). — Decalcifi- 
cation in  1  per  cent,  nitric  acid. 

Lavdowsky  {Arch.  mile.  Anat.,  1876,  p.  497). — Fresh  tissues  (from  the 

cochlea)  are  treated  with  1  per  cent,  solution  of  silver  nitrate,  then  ' 

washed  for  ten  minutes  in  water  containing  a  few  di'ops  of  0'5  or  1  per  , 

cent,  osmic  acid  solution,  and  mounted  in  glycerin.  j 

Max  Flesch  {Arch.  mih.  Anat.,  1878,  p.  300) ;  Tafani  {Arch.  Ital.  de  ; 

Biol.,  vi,  p.  207) ;  EiCHLBR,  Abh.  maih-phys.  CI.  Sachs.  Ges.  Wiss.,  xviii,  i 

1892,  p.  311 ;  Zait.  loiss.  Mile,  ix,  1803,  p.  380  (injection  of  blood-vessels  j 
of  the  labyi-inth) ;  Siebenmann,  Die  Blutgefusse  im  Labyrinthe  des  I 
meuschliuhen  Ohres,  Wiesbaden,  Bergmann,  1894 ;  Zeit.  wiss.  Mile,  xi,  j 
1894,  p.  386 ;  Gray,  Joum.  Anat.  Fhys.,  1903,  p.  379 ;  Scott,  ibid.,  xliii, 

1909,  p.  329. 

851.  01fa*tive    Nerve-endings,    Tactile    Corpuscles,    etc. — 

Besides  the  gold  vtethod,  Chapter  XVI I,  and  the  inethylen- 

hliitt   method,  Chapter  XVI,  the  rapid  hichroniate-and-silver 

method  of  Golqx  should  be  employed,  aiid  for  the  olfactive 

mucosa  gives  the  best  results  ;  see  van  GiiHOCHTEN,  La  Gelltole,  j 

vi,  1890,  p.  405.     For  intra-epidermic  nerue-endinys,  besides 

the  methods  given  Chapter  XXVII,  the  G-oi.Gi  method  should 

be  employed.    According  to  van  Gehuchtkn  [La  Cellule,  ix, 

1893,  p.  319)  it  gives  much  better  results  than  gold  methods. 

He  uses  the  rapid  process.  For  tactile  corpuscles,  etc.,  besides  ' 
the  methods  given  §  661  and  662,  see  Ramon  y  Cajal^s  neuro-  ' 
fibril  methods. 
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METHODS  FOLi  JNVEit'l'EBRATJiS. 
Ttonicata. 

852.  Fixation  of  Tunicata. — A  method  of  Lo  Bianoo*  for 
killing  simple  Ascidians  in  an  extended  state  lias  been  given, 
§  25.  Some  formSj  such  as  Glavellina,  Ptropliora,  Phallusia, 
Molcjula,  Cijnihiu,  etc.,  should  first  be  narcotised  by  treat- 
ment for  from  three  to  twelve  hours  with  chloral  hydrate 
(1  :  1000  in  sea  water),  then  killed  in  a  mixture  containing 
chromic  acid  of  1  per  cent.  10  parts,  acetic  acid  of  50  per 
cent.  100  parts,  and  finally  hardened  in  1  per  cent,  chromic 
acid. 

The  compound  Ascidians  with  contractile  zooids  may  be  left 
in  clean  sea  water  till  the  zooids  have  become  fully  extended, 
then  fixed  by  van  Benedbn's  acetic  acid  process,  §  84  (steel 
instruments  being  avoided  for  manipulating  them).  I  strongly 
recommend  this  process. 

S.  Lo  Bianco  recommends  for  this  group  the  chloral 
hydrate  process,  followed  by  fixation  with  sublimate  or 
chromo-acetic  acid. 

Catjllebt  {Bull.  Sc.  France  Belg.,  xxvii,  1895,  p.  5)  first  stupefies  the 
animals  witli  cocaine  (Lahille,  a  few  drops  of  5  per  ceut.  solution  to 
30  c.c.  of  sea  water),  then  fixes  in  liquid  of  Pleinming  or  acetic  acid. 

Most  small  pelagic  Tunicates  are  very  easily  fixed  with 
osmic  acid  or  acid  sublimate  solution. 

I  have  found  the  acetic  acid  process  very  good  for  Pyro- 
soma.  Lo  Bianco  puts  them  for  a  quarter  of  an  hour  into 
50  per  cent,  alcohol  containing  5  per  cent,  of  hydrochloric 
acid,  then  into  successive  alcohols,  beginning  with  60  per 
cent.  He  kills  the  hard  forms  of  Salpa  with  acetic  acid  of 
10  per  cent.,  the  semi-hard  ones  with  1  per  cent,  chromic 
*  References  to  methods  of  Lo  Bianco  in  this  Chapter  are  all  to  his 
paper  in  Mitth.  Zool.  Stat.  Ncajpcl,  ix,  1890,  p.  435. 
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acid  containing  5  per  cent,  acetic  acid,  tlic  soft  ones  with  1 
per  cent,  cliromic  acid  containing  per  cent,  osmic  acid, 
or  10  parts  of  ]  per  cent,  chromic  acid,  witli  1  of  formol  and 
9  of  sea-water,  Doliolidas  with  sublimate,  or  the  above  osmic 
mixture,  or  a  mixture  of  10  parts  10  per  cent,  solution  of 
sulphate  of  copper  with  1  part  concentrated  sublimate  solution, 
or  the  formol  mixture. 

Molhiscoida. 

853.  Bryozoa.— For  some  methods  of  killing  and  fixing  see 
13,  20,  and  21.     S.  Lo  Bianco  employs  for  Fedicellina 

and  Loxosoma  the  chloral  hydrate  method,  fixing  with  sub- 
limate. For  Fludra,  Cellepora,  Biigula,  Zoolothriuvi,  he 
employs  the  alcohol  method  of  BisiG,  §  18.  For  Cristatella 
see  §§  16,  20.     See  also  Bbadn,  §  907. 

CoNSER  {Trans.  Amer.  Mic.  Soc,  xvii,  1896,  p.  310)  kills 
the  fresh-water  forms  with  cocaine,  puts  them  for  an  hour 
into  1  per  cent,  chromic  acid,  and  passes  through  water  into 
alcohol,  etc. 

Similarly  Calvet  [Hist.  Nat.  Bryozuaires,  Montpellier, 
1900,  p.  15),  for  marine  forms. 

ZscHiESCHE  {Zool.  Juhrb.,  xxviii,  1909,  p.  6)  fixes  larvte  of 
Alcyonidium  (settled  down  on  a  layer  of  celloidin  or  pai'affin) 
with  8  part^  of  sublimate  and  2  of  acetic  acid  to  90  of  sea 
water,  for  25  to  30  minutes. 

854.  Brachiopoda. — Lo  Bianco  kills  small  animals  in  70  per 
cent,  alcoholj  larger  ones  being  first  narcotised  with  alcohol 
and  sea  water. 

Blochmann  {Unlersuch.fein.  Bau  Brachiopoden,  Jena,  1892, 
p.  5)  fixes  princijDally  with  sublimate,  macerates  by  the 
Heutwigs'  method,  §  534,  decalcifies  with  1  per  cent,  chromic 
acid  (for  thick  shells  add  a  little  hydrochloric  or  nitric  acid), 
or  with  nitric  acid  in  alcohol  of  50  to  70  per  cent.,  and  im- 
beds in  paraffin  or  celloidin. 

See  also  Ekman,  Ze!t.  uiss.  Zool.,  Ixii,  1896,  p.  172. 

Mollusca. 

855.  F/xation. — Lo  Bianco  narcotises  Lamellibranchs  for 
six  to  ten  hours  or  more  with  alcohol,  §  18^  and  then  kills  them. 

29 


450 


OllAPTER  XXXVr. 


|ji8T  {fauna  b'lora  (J-ulf.  NcapuL,  xxvii,  iUUi,  p.  292) 
narcotises  Myfcilidiu  with  2  per  cent,  oi:  cocaine  in  sea  v/ator, 
and  (L'or  preservation  of  cilia)  fixes  in  sea  watoi',  with  10  per 
cent,  of  i'ormol. 

Lo  Bianco  advises  that  i^rosobrancliiata,  and,  amongst 
the  Heteropoda,  Atlantida),  bo*  narcotised  with  70  per  cent, 
alcohol,  §  18.  For  Opisthobranchiata  I  recommend  sudden 
killing  with  liquid  of  Perenyi,  or  the  acetic  method,  §  852. 
A'plynia  may  first  be  narcotised  by  subcutaneous  injection  of 
about  1  c.c.  of  a  5  to  10  per  cent,  solution  of  hydrochlorate 
of  cocaine  (RouEirr,  Bull.  Sclent,  da  la  France,  etc.,  1890, 
p.  449  ;  Zeit.  iciss.  mile,  ix,  1892,  p.  216),  or  (Schonlein, 
Zeit.  Biol.,  XXX,  1893,  p.  187)  1  c.c.  of  4  per  cent,  solution  of 
I'elletierin.  For  Lo  Bianco's  various  methods  see  tlie 
original,  p.  467. 

For  Pteropoda  in  general,  liquid  of  Perenyi.  Greseis  is  a 
difficult  form.  Lo  Bianco  advises  the  alcohol  method,  §  18. 
For  the  Gyranosomata  he  narcotises  with  O'l  per  cent,  chloral 
hydrate. 

For  terrestrial  Gastropods  see  §§  23  and  26.  Marchi 
{Arch.  vrik.  An<(t.,  1867,  p.  204)  gets  rid  of  the  mucus  of 
the  integument  of  Limax,  which  may  be  an  obstacle  to 
preparation,  by  putting  the  living  animal  into  moderately 
concentrated  salt  solution,  in  which  it  throws  off  its  mucus 
and  dies  in  a  few  hours. 

Lang  {Anat.  Hefte,  1902,  p.  84)  puts  Eelix  into  water  with 
enough  chromic  acid  to  make  it  of  a  Rhine-wine  colour, 
with  an  air-tight  cover  to  the  vessel,  and  wlien  the  animals 
are  extruded  injects  into  them  a  quarter  to  a  half  of  a 
Pravaz  syringe  of  1  pier  cent,  cocain,  and  after  five  to  fifteen 
minutes  dissects  and  fixes. 

HicYMANS  {BtoU.  Acad.  Belg.,  xxxii,  1896,  p.  578)  injects 
ethyl  bromide  under  the  skin  of  Cephalopoda. 

Lo  Bianco  uses  for  fixing  tliem  his  chromo-acetic  acid. 
No.  1  (§  39),  with  a  double  quantity  of  acetic  acid,  for 
twenty-four  hours. 

856.  Liver  of  Mollusca.— Enriques  {Mitth.  Zuol.  Stat. 
Neapel,  xv,  1901,  p.  289)  fixes  the  liver  of  Octopus  and 
Sepia  with  sublimate.  For  Aplysia  (especially  in  summer) 
alcohol,  formol,  and  chromic  mixtures  are  counter-indicated, 
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oil  account  oE  fclie  carbohydrates  in  the  coll.  Sublimate  ia 
best. 

857.  Nervous  System  of  Pulmonata.— B.  de  Nabias  {Act.  Soc. 
Linn.  Bordeaux,  1894;  Rech.  Rist.  centres  nerveiuv  ties 
Gasterapodes,  1894,  p.  23)  opens  the  animals  and  fixes  the 
g-anglia  for  one  hour  in  a  mixture  of  6  parts  glacial  acetic 
acid  to  100  of  90  per  cent,  alcohol,  or  for  fifteen  to  twenty- 
minutes  in  5  per  cent,  sublimate  witli  5  per  cent,  acetic  acid. 
He  stains  in  bulk,  with  Renaut's  hasmatoxylic  eosin,  or 
11.  Heidenhain^s  hfematoxylin,  or  a  copper  li£ematoxylin  of 
Viallanes,  §  874,  and  imbeds  in  paraffin.  He  also  stains  by 
the  rapid  method  of  Golgi,  imbedding,  however,  the  ganglia 
in  celloidin  directly  after  the  hardening  in  osmic  acid  and 
bichromate,  and  treating  the  sections  with  the  silver  (p.  34). 
He  stains  with  methylen  blue  by  treating  the  ganglia  in  sita 
for  twelve  to  twenty-four  hours  with  a  1  per  cent,  solution. 

Dreyer  {Zeit.  loiss.  Zuul.,  xcvi,  1910,  p.  380)  narcotises 
Nudibranchs  with  cocain,  and  for  studying  the  nerves  fixes 
them  with  Mayer's  picro-formol,  puts  for  a  week  into  a 
mixture  of  1  grm.  of  iron  alum  with  2  c.c.  of  formol  and  40 
of  water,  makes  sections  and  stains  with  iron  hasmatoxylin. 

See  also,  for  nerve-cells,  McOlure,  Zoul.  Jahrb.,  1898, 
p.  17  (Man!!^'s  methyl  blue  and  eosin,  or  Benda's  safranin 
and  Lichtgriin),  and  Leqendre,  Arch.  mic.  Anat.,  x,  1909, 
p.  312. 

858.  Eyes  of  Gastropoda  (Flemming,  Arch.  viik.  Anat.,  1870, 
p.  441). — To  obtain  the  excision  of  an  exserted  eye,  make  a 
rapid  cut  at  the  base  of  the  peduncle,  and  throw  the  organ 
into  very  dilute  chromic  acid,  or  4  per  cent,  bichromate; 
after  a  short  time  it  will  evaginate,  and  remain  as  completely 
erect  as  if  alive.  Harden  in  1  per  cent,  osmic  acid,  in 
alcohol,  or  in  bichromate. 

Smith  [Bull.  Mus.  Comp.  Zool.  Harvard,  xlviii,  1906, 
p.  238)  macerates  eyes  for  at  least  two  days  in  9  parts  of 
water  with  1  of  weak  mixure  of  Flemming,  followed  by 
glycerin  of  10  per  cent.  He  bleaches  them  (in  sections) 
with  nitric  acid  and  chlorate  of  potash. 

859.  Eyes  of  Cephalopoda  and  Heteropoda  (Gtrbnacher,  Ahh. 
naturf.  Ges.  Halle-a.-S.,  Bd.  xvi,  1896,  p.  213). — Depigment 
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vvilli  liydrocliloric  acid  (in  proforeiicc  lo  nitric  acid).  The 
mixture  §  582  may  also  be  used.  If  you  stain  witli  borax- 
carmine  and  wash  out  in  this  mixture^  the  pigment  will  be 
found  to  be  removed  quicker  than  the  stain  is  washed  out. 

Lenhosskk  {Zeit.  wisti.  Zool.,lviU,  1894,  p.  63G ;  Arch.  mile. 
A  nut.,  xlviij  1896,  p.  45)  applies  the  method  of  Golgi  to  the 
eyes  of  Cephalopods. 

Similarly  Korscii  {Anat.  Ana.,  xi,  1895,  p.  362),  but  using 
forniol  instead  of  the  osmic  acid. 

HiossK  {Zeit.  wiss.  Zuol.,  Ixviii,  1900,  p.  418)  fixes  eyes  of 
Heteropoda  with  one  of  formol  to  4  of  water,  and  (p.  456) 
bleaches  those  of  Cephalopoda  by  the  methods  of  Gkicnachei! 
and  that  of  Jan  dee,  §  583. 

See  also  Meeton,  ihid.,  Ixxix,  1905,  p.  320. 

860.  Eyes  of  Lamellibranchiata. — See  Patten,  Mitth.  Zuol. 
Stat.  Neai^el,  vi,  1886,  p.  733,  andJiAVm"/.,  Jena .  Zeit.  Naturw., 
xxii,  1888,  p.  115,  and  xxiv,  1890,  p.  579  (bleaches  with 
caustic  soda);  see  §  584.  IIesse  (op.  cit.,  last  §,  p.  380) 
employs  the  method  of  Jandee  for  Area.  He  fixes  the  eye 
of  Pecten  in  10  per  cent,  formol  for  five  minutes,  followed  by 
sublimate  or  picro-nitric  acid, 

861.  Shell. — Sections  of  non-decalcified  shell  are  easily 
obtained  by  the  usual  methods  of  grinding,  or,  which  is  often 
a  better  plan,  by  the  methods  of  v.  Kocu  or  Eheicnbatjm. 
MosELEY  {Quart.  Journ.  Mic.  Sci.  [2],  xxv,  1885,  p.  40) 
decalcifies  with  nitric  acid  of  3  to  4  per  cent,  and  then  makes 
sections.     This  method  serves  for  the  study  of  the  eyes  of 

CHlTONlDiE. 

862.  Injection  of  Acephala  (Flemming,  Arch.  mik.  Anat.,  1878, 
p.  252). — To  kill  the  animals  freeze  them  iu  a  salt-and-ice 
mixture,  and  throw  them  for  half  an  hour  into  lukewarm 
water.  They  will  be  found  dead,  and  the  injection-pipe  may 
be  tied  in  the  heart,  and  the  entire  animal  filled  and  covered 
up  with  plaster-of -Paris,  which  serves  to  occlude  cut  vessels 
that  it  is  not  possible  to  tie.  As  soon  as  the  plaster  has 
hardened  the  injection  may  be  proceeded  with.  See  also 
Dewitz,  Anleit.  zur  Anfert.  zoolom.  Prap.,  Berlin,  1886,  p.  44 
(^Anoduiita)  and  p.  52  {Helix). 

Dakin  {Liverpool  Mar.  Biol.  Comm.,  xvii,  1909,  p.  76) 
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narcotises  by  adding  alcohol  and  glycerin  for  eighteen  to 
twenty-four  hours,  puts  for  half  an  hour  into  formol  of  5  per 
cent.,  and  injects  from  a  branchial  vessel. 

MozEJKO  [Zeif.  ivisi^.  Mile,  xxvi,  1909,  p.  353,  and  1910, 
p.  542)  puts  for  half  an  hour  into  water  at  40°  to  50  0., 
removes  the  shell,  and  injects  carmine  by  auto-injection 
thi'ough  the  heart.  For  occluding  vessels  he  takes  cotton- 
wool soaked  with  gelatin  and  plaster-of-Paris.  He  takes  for 
a  vaso-dilator  a  saturated  solution  of  peptonum  slccum. 

863.  Maceration  Methods  for  Epithelium.  —  En  gelmann 
(rfiiiger's  Arch.,  xxiii,  1880,  p.  505)  macerates  the  intestine 
of  Gijclas  in  osmic  acid  of  0-2  percent,  (after  having  warmed 
the  animal  for  a  short  time  to  45°  to  50°  C),  or  in  concentrated 
boracic  acid  solution. 

Cilia. — The  entire  intra-cellular  fibre  apparatus  may  be 
isolated  by  teasing  fresh  epithelium  from  the  intestine  of  a 
Lamellibranch  (e.  g.  Anodovta)  in  either  bichromate  of  potasli 
of  4  per  cent,  or  salt  solution  of  10  per  cent.  To  get  good 
views  of  the  apparatus  in  situ  in  the  body  of  the  cell,  macerate 
for  not  more  than  an  hour  in  concenti-ated  solution  of  boracic 
or  salicylic  acid.  Very  dilute  o.smic  acid  {e.g.  O'l  per  cent.)  ' 
gives  also  good  results.  The  "  lateral  cells  "  of  the  gills  are 
best  treated  with  strong  boracic  acid  solution  (five  parts  cold 
saturated  af(ueous  solution  to  one  part  water). 

Bela  LTaller's  Mixture,  see  §  540;  Beock's  Medium,  §  531 ; 
MoBius's  Media,  §  535  ;  the  second  of  these  is  mucli  recom- 
mended by  Drost  [MorpJiol.  Jahrb.,  xii,  1866,  p.  163)  for 
Cardivm  and  Mya. 

Patten  {Mitth.  Zool.  Stat.  Neapel,  vi,  1886,  p.  736)  takes 
sulphuric  acid,  40  drops  to  50  grm.  of  water.  Entire  molluscs, 
without  the  shell,  may  be  kept  in  it  for  months. 

Bkrnard  {Ann.  Sci.  Nat.,  ix,  1890,  p.  191)  macei'ates  the 
mantle  of  Prosobranchs  in  a  mixture  of  one  part  each  oE 
glycerin  and  acetic  acid,  two  parts  each  of  90  per  cent, 
alcohol  and  O'l  per  cent;  chromic  acid  and  forty  j^arts  water, 
which  acts  in  from  a  quarter  of  an  hour  to  three  hours. 
He  also  (pp.  102,  306)  uses  a  weak  solution  of  chloride  of 
ruthenium,  especially  for  nerve-tracts,  mucus-cells  and  cilia. 
Alcohol  matei'ial  may  be  macerated  in  a  mixture  of  one  part 
glycerin,  two  of  acetic  acid  and  forty  of  water, 
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864.  Mucus  Glands.— Racovitza  {Arch.  Zool.  exper.  [3],  ii, 
1894,  p.  8)  .studies  tliese  in  Nudibranclis  (and  Annolids)'by 
killing  with  acetic  acid,  staining  in  tola  witli  methyl  green 
dissolved  in  liquid  of  Eipaut  and  Petit,  and  after  three  to 
SIX  day.s,  when  only  the  glands  show  the  stain,  examining  in 
mixture  of  equal  parts  of  glycerin  and  the  liquid. 


Arthropoda. 

865.  General  Methods  for  Anthropoda.— As  general  methods 
for  the  study  of  chitinous  structures,  the  methods  worked  out 
by  Paul  Mayer  (see  §§  8  and  96)  are  excellent.  It  is,  at  all 
events,  absolutely  necessary,  in  the  preparation  of  entire 
organisms  or  unopened  organs,  that  all  processes  of  fixation, 
washing  and  staining  .should  be  done  with  fluids  posses.sing 
great  penetrating  power.  Hence  picric  acid  combinations 
should  in  general  be  used  for  fixing,  and  alcoholic  fluids  for 
washing  and  staining.  Concentrated  picro-sulphuric  acid  (or 
2-)icro-niiric)  is  the  most  generally  useful  fixative,  and  70  per 
cent,  alcohol  is  the  most  useful  .strength  for  washing  out. 
Alcoholic  picro-sulphuric  acid  may  be  indicated  for  fixino-  in 
some  cases. 

But  if  the  animals  or  organs  can  first  be  properly  opened, 
the  usual  methods  may  be  employed. 

866.  Crustacea.— Some  forms  are  very  satisfactorily  fixed 
with  .sublimate.  Such  are  the  Copepoda  and  the  larv£e  of 
Decapoda.  It  is  sometimes  indicated  to  u,se  the  sublimate 
in  alcoholic  solution.  Some  Copepoda,  however  [Copilia, 
Sapphirinii),  are  better  preserved  by  means  of  weak  osmic 
acid,  and  so  are  the  Ostracoda.  In  many  cases  the  osmic 
acid  will  produce  a  sufficient  differentiation  of  the  tissues,  so 
that  further  staining  may  be  dispensed  with;  so  for  Copiilia 
audrhylloson.a.  The  pyrogallic  process  (§  374)  may  be  useful. 
GiESBEiCHT  takes  for  marine  Copepods  a  concentrated  solution 
of  picric  acid  in  sea  water,  to  which  a  little  osmic  and  acetic 
acid  may  be  added.  For  fresh-water  forms,  Zachabias  {Zool 
Anz.,  xxii,  1899,  p.  72)  takes  chromo-acetic  acid. 

GiESBRECiiT  fixes  larvEe  of  Stomatopoda  for  5  to  10  minutes 
in  formol  of  10  per  cent,  warmed  to  40°  or  50°  C,  opens 
them  in  .sea  water  and  puts  for  ]i  to  2^  hours  into  formol  1 
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part  and  sea  water  5  parts,  and  l)rings  into  alcohol  of  70  per 
cent. 

Stappers  {La  Cellule,  xxv,  1909,  p.  356)  fixes  Sympoda  m 
Gilson's  copper  formol,  §  115,  or  in  Hornell's  mixture  of  100 
parts  of  5  per  cent,  formol  witli  40  of  alcohol  ;  and  for 
softening  the  chitin  pnts  for  12  to  36  hours  into  3  per 
cent,  solution  of  sublimate  with  5  per  cent,  of  nitric  acid. 

Nettovitch  {Arb.  z.  Inst.  Wien,  xiii,  1900,p.  3)  iixesArgulus 
with  liquid  of  Tellyesniczky,  §  52,  warmed  to  50°  C. 

For  FiscHEi/s  intra-vitam  stain  of  Cladocera  with  alizarin 
etc.,  see  §  208. 

867.  Tracheata.— Kenyon  {Tufts  Goll.  Shid.,  No.  4,  1896, 
p.  80)  fixes  Pauropoda  in  Carney's  acetic  alcohol  and  chloro- 
form, §  85,  cuts  them  in  two  for  staining,  etc.,  and  imbeds  in 
celloidin  followed  by  paraflfin. 

Hennings  {Zeit.  to.  Mile,  xvii,  1900,  p.  311)  takes- 
Nitric  acid  16  parts,  chromic  acid  of  0-5  per  cent.  16  parts, 
sublimate  saturated  in  60  per  cent,  alcohol  24  parts,  picric 
acid  saturated  in  water  12,  and  absolute  alcohol  42,  fixes  for 
twelve  to  twenty-four  hours,  and  washes  out  with  iodine 
alcohol.  He  says  that  this  mixture  not  only  fixes,  but  softens 
chitin  enough  to  allow  of  paraffin  sections  being  made  through 
hard  parts. 

Hamanjj  {Sitz.  Naturiv.  Freunde  Berlin,  1897,  p.  2)  fixes 
small  Tracheata  in  10  per  cent,  formol  and  finds  the  chitin 
sufficiently  soft  for  sections  to  be  made. 

Van  Leeuwen  {Zool.Anz.,xxxi\,  1907,p.  318)  takes  forlarvos 
of  Hexapoda  12  parts  of  1  per  cent,  solution  of  picric  acid  in 
absolute  alcohol,  2  of  chloroform,  2  of  formol,  and  1  of  acetic 
acid. 

HoLLANDE  {Arch.  d'AucU.  m'c,  xiii,  1 91 1,  p.  171),  takes 
12  parts  of  saturated  solution  of  picric  acid  in  formol  of  40  per 
cent.,  54  of  absolute  alcohol,  3  of  benzene,  and  1  of  nitric 
acid,  and  finds  that  this  fixes  quickly  enough  not  to  make 
chitin  too  hard. 

NuTTALL,  Cooper  and  Robinson  {Parasitology,  1908,  i, 
p.  163),  fix  for  a  few  minutes  in  hot  picrosulphuric  acid. 

868.  Methods  for  Clearing  and  Softening  Chitin.— The  methods 
of  Looss  have  been  described  §  553,  those  of  Hennings  and 
Hamann  last  §. 
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List  {Zeit.  wiss.  Mik,  1886,  p.  212)  treats  Coccida?  (after 
hardening)  for  eighteen  to  twenty-four  liours  with  ean  de 
Javelle,  diluted  with  four  volumes  of  water.  After  washing 
out  they  may  be  imbedded  in  paraffin,  and  good  sections 
obtained, 

Saijng  {Dissert.  Marburg.  1906,  p.  11)  boils  larva?  of 
Tenehrio  for  some  minutes  in  eau  de  Laharraque,  the  heat 
serving  to  fix  the  soft  parts,  which  in  successful  cases  are 
well  preserved.     Wash  out  with  warm  water,  then  alcohol. 

Sazepin's  method  for  antenna?  of  Chilognatha  (Mcin.  Acad. 
Im.p.  St.  Petersh.,  xxxii,  1884,  pp.  11,  12)  consists  in  steep- 
ing antennae  (that  have  been  dehydrated  with  alcohol)  for 
twenty-four  hours  in  chloroform  containing  a  drop  of 
fuming  nitric  acid  (shake  occasionally). 

J3ethe  {Zool.  Jahrh.,  viii,  1895,  p.  544)  puts  tclsons  of 
Mysis  for  eight  to  fourteen  days  into  40  per  cent,  alcohol, 
to  which  nitric  acid  is  gradually  added,  so  that  by  the  end 
of  that  time  they  have  been  brought  into  alcohol  containing 
20  per  cent,  of  the  acid.  This  softens  the  chitin,  and  some- 
what breaks  down  the  structure  of  the  otolith,  so  that  good 
sections  through  it  are  occasionally  obtained. 

Similarly    Herbst,   Arch.    Kntivickelungsmech  ix,  1899 
p.  291. 

See  also  the  depigmentation  processes,  §§  575 — 584. 

860.  Test  for  Chitin  (Zandee,  Pfliiger's  Arch.,  Ixvi,  1897,  p.  545).— 
Treat  for  a  short  time  with  a  drop  of  freshly  prepared  solution  of  iodine 
in  iodide  of  potassium  and  add  a  drop  of  concentrated  chloride  of  zinc. 
Tliis  is  then  removed  with  water  as  far  as  possilsle,  and  the  violet 
reaction  is  obtained. 

See  also  Wester,  Zool.  Jalirh.,  Ahlli.  SysL,  xxviii,  1910,  p.  531. 

870.  Bethe's  Stain  for  Chitin  (loc.  cit.,  §  868).— Sections  are  put 
for  three  or  four  minutes  into  a  freshly  prepared  10  per  cent,  solution  of 
anilin  hydrochloride,  to  which  has  been  added  one  drop  of  hydrochloric 
acid  for  every  10  c.c.  They  are  then  rinsed  in  water,  and  the  slide  is 
put  with  the  sections  downwards  into  lO  per  cent,  solution  of  bichro- 
mate of  potash.  The  stain  is  at  first  green,  but  becomes  blue  in  tap 
water  or  alcohol  containing  ammonia. 

Mayer  simply  uses  a  solution  of  pyrogallol  in  alcohol  or  glycerin  ; 
and  HoPMANN  {Zeit.  wise.  Zool,  Ixxxix,  1908,  p.  684)  puts  for  a  day  or 
more  into  raw  pyroligneous  acid. 


871.  Tracheae  may  bo  studied  by  the  Golgi  bichromate  and 
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silver  process.  Mahtin  {G.R..  Soc.  Philomath.,  1893,  p.  3) 
injects  them  witli  indigo  lohitc  (tlirougli  the  body  cavity), 
and  puts  into  hot  water  from  which  the  air  has  been  expelled 
by  boiling.    Tracheas  blue. 

872.  Brain  of  Bees. — Kenyon  [Joitrn.  CoinjJ.  Neurul.,  vi, 
1896,  p.  137  ;  Journ.  Roy.  Mic.  Soc,  1897,  p.  80)  treats  by 
the  Goi.Gi  pi'ocess  (seldom  successfal),  or  hardens  in  a 
mixtui-e  of  one  part  formol  and  two  of  5  per  cent,  sulphate 
of  copper,  followed  by  staining  in  Mallory's  phospho-molybdic 
hajmatoxylin. 

JoNESCU  {Jena.  Zeit.,  xlv,  1909,  p.  Ill)  has  employed  the 
sih'er  methods  of  Ramon  y  Cajal  and  Bielschowsky  and  Wolff. 

873.  Ventral  Cord.— Floyd  [MarTt.  Anniv.  vol.  1904,  p. 
355)  fixes  the  ganglia  of  Periplaneta  for  eighty  minutes  with 
vapour  of  formol,  and  brings  into  alcohol. 

See  also  Binet,  Journ.  Anat.  Phys.,  xxx,  1894,  p.  469. 

874.  Eyes  of  Arthropods.— For  the  methods  of  Lankester 
and  Bourne  {Quart.  Journ.  Mic.  8ci.,  1888,  p.  180  :  Limulus)  ; 
HiCKSON  {ibid.,  1885,  p.  243:  Mu^ca);  Parker  {Bull.  Mits. 
Harvard  Coll.,  xx,  1890,  p.  1  ;  Zeit.  iciss.  Mik.,  viii,  1891, 
p.  82  :  Momarus)  see  early  editions. 

Parker  {1\Iitfh.  Zool.  Slat.  Neapel,  xii,  1895,  p.  1)  also 
applies  the  methylen  blue  method  to  the  retina  and  optic 
ganglia  in  Decapods,  especially  in  Astacus.  He  injects  01  c.c. 
of  a  0-2  per  cent,  solution  into  the  ventral  sinus.  After 
twelve  to  fifteen  hours  the  animals  are  killed,  the  ganglia 
quickly  dissected  out,  and  the  stain  fixed  as  described,  §  344. 

For  his  method  for  eyes  of  8cor2noris  see  §  583. 

For  the  methods  of  Pukcell  for  the  eyes  oiPhalangida  see 
Zeit.  ivit<s.  Zool.,  Iviii,  1894,  p.  1.  He  has  the  following 
stain.  The  cephalothorax  is  removed  and  brought  for 
twenty  minutes  into  50  per  cent,  alcohol  warmed  to  45°  or 
50°  C,  and  saturated  with  picric  acid.  The  pigment 
dissolves  in  this  solution  and  stains  the  nuclei  and  some 
other  parts  of  the  rhabdoms,  so  that  no  further  stain  is 
required. 

Hennings  {Zeit.  wisfi.  Mik  ,  xvii,  1900,  p.  326)  depigments 
sections  by  putting  then  for  ten  minutes  (Musca)  to  twelve 
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liouTS  (Myriopoda)  into  a  iiiixtni-o  of  2  pnrls  of  80  per  cent, 
alcohol  with  one  of  glycerin  and  2  per  cent,  of  nitric  acid, 
best  kept  at  35°  C.    The  elements  are  well  preserved. 

WiDMANN  {Zeit.  iciss.  ZooL,  xc,  1908,  p.  260)  makes  the 
lens  of  Arachnida  fit  for  sectioning  by  putting  for  a  day  or 
so  into  alcohol  with  10  to  15  per  cent,  of  nitric  acid  ;  and 
bleaches  sections  with  1  part  of  chlorine  water  to  2  of  alcohol. 

See  also  Rosenstadt,  Arch.  viik.  Anat.,  .\lvii,  189G,  p.  478; 
Vjallanes,  Ann.  Sci.  nat.,  xiii,  1892,  p.  354;  and  Dietrich, 
Zeit.  iy7s.s'.  Zoul,  xcii,  1909,  p.  4G5  (fixes  in  alcoholic  formol, 
and  bleaches  with  dilute  aqita  regia). 

875.  Injections  (Arachnida  and  Crustacea  especially). — 
AiME  Schneider  [TaUetles  ZooL,  ii,  1892,  p.  123)  recom- 
mends lithographic  Indian  ink,  the  animals  being  narcotised 
with  chloroform,  then  injected  and  thrown  into  strong  alcohol. 
Similary  Cadsard  {Bull.  Sc  Fravce  Belg.,  xxix,  1896,  p.  16). 

876.  Arctiscoida  (DoYi5EB,  Arch.  mile.  Anat.,  1865,  p.  105). — Exa- 
iTiination  of  living  animals  after  partial  asphyxiation  in  boiled  water. 

Sec  early  editions. 

Vermes. 

877.  Chaetopoda :  Cleansing  Intestine. — Kukenthal  [Journ. 
Roy.  Mic.  See,  1888,  p.  1044)  Y>^ts Lttmbriciis  intoa  glass  vessel 
filled  with  bits  of  moistened  blotting-paper.  They  gradual ly 
evacuate  the  earthy  particles  f  I'om  the  gut,  and  fill  it  instead 
with  paper. 

VoGT  and  Ydng  [Traite  d'Anat.  Comjh  Frat.,  v)  recom- 
mend coffee-grounds  instead  of  paper,  as  they  cut  better  a-fter 
imbedding. 

JoEST  [Arch.  Evtv:ichhivgsmech.,  v,  1897,  p.  425)  simply 
keeps  the  worms  for  a  feAv  days  in  moist  linen,  and  finds  the 
gut  emjDty. 

Peael  [Jormi.  ap^'L  Mic,  iii,  1901,  p.  680)  injects  alcohol 
of  6  per  cent,  through  the  gut  of  narcotised  worms. 

878.  Chsetopoda  :  Fixation. — Lumhricus  may  be  antesthetised 
by  putting  the  Jinimals  into  wnter  with  a  few  drops  of  chloro- 
form. Pekkier  puts  them  into  water  in  a  shallow  dish,  sets 
np  a  watch-glass  with  chloroform  in  the  corner  of  it,  and 
covers  the  whole. 
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Cerfontaine  {Arch,  de  Biol,  x,  1890,  p.  327)  injects  mtor- 
stitially  about  2  c.c.  of  a  1  :  500  solution  of  cui-arc. 

Jaquet  {Bib.  Anat.,  \\\,  1895,  p.  32)  kills  Lumhricns  in 
extension  in  1  part  of  nitric  acid  to  125  of  water. 

Collin  {Zeit.  iuiss.  Zool.,  xlvi,  1888,  p.  474)  puts  Criodrilus 
lacuuvi  into  a  closed  vessel  with  a  little  water,  and  hangs  up 
in  it  a  strip  of  blotting-paper  soaked  in  chloroform.  Kukicn- 
THAL  (Die  mik.  Technih,  1885  ;  Zeit.  wiss.  Mik.,  1880,  p.  61) 
puts  Annelids  into  a  glass  cylinder  filled  with  water  to  the 
height  of  10  centimetres,  and  then  pours  70  per  cent,  alcohol 
to  a  depth  of  one  to  two  centimeters  on  to  the  water.  For 
Opheliadfe  he  also  employs  Q-l  per  cent,  of  chloral  hydrate 
in  sea  water. 

Many  marine  Chtetopoda  may  be  successfully  narcotised 
(Lo  Bianco)  in  sea  water  containing  5  per  cent,  of  alcohol, 
or  by  means  of  the  mixture  §  18. 

The  Folychxta  sedentaria  may  sometimes  be  satisfactorily 
fixed  by  bringing  them  rapidy  into  corrosive  sublimate. 
Cold,  not  hot,  solutions  should  be  taken,  as  heat  frequently 
shrivels  up  the  branchige.  Eunice  and  Omqjhis  may  be  ti-eated 
in  the  same  way. 

Lo  Bianco  advises  killing  Chfetopteridas,  SternaspidiE, 
Spirographis,  Prohtla,  by  putting  them  for  half  an  hour 
into  1  per  cent,  chromic  acid.  Some  of  the  sedentaria  may 
be  got  protruded  from  their  tubes  by  leaving  them  for  some 
hours  in  O'l  per  cent,  chloral  hydrate  in  sea  water. 

For  Eisig's  methods  for  Capitellidte  see  Fauna  n.  Flora 
Golf.  Ncapcl,  xvi,  1887,  p.  295. 

See  also  §  14  (lemon  juice),  and  the  methods  §§  20  to  26, 
39  and  49. 

879,  Blood-vessels  of  Annelids  (KiixENTHAL,  Zeit.  unss.  Mik., 
1886,  p.  61). — The  animals  should  be  laid  open  and  put  for 
two  or  three  hours  into  aqita  regia  (4  parts  of  nitric  acid  to 
2  of  hydrochloric  acid).    Vessels  black,  on  a  yellow  ground. 

Beegh  {Anat.  llefte,  xlv,  19C0,  p.  392,  and  xlix,  1900,  p. 
599)  puts  small  Annelids  for  a  week  or  more  into  equal  parts 
of  1  per  cent,  nitric  acid  and  1  per  cent,  nitrate  of  silvei-,  or 
into  50  parts  of  nitrate,  25  of  formic  acid,  and  25  of  water, 
dissects  out  the  organs  and  exposes  to  light.  Marine  forms 
may  be  treated  by  Harmeij's  process. 
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830.  Nerves  of  Annelids. — Tlio  mefchylen  bliio  method  and 
the  bichromate  oE  silver  method  oE  Golgi  (the ra^i'i method). 
For  the  latter  see  v.  Lenhossek  {Arch.  mik.  Anat.,  xxxix, 
p.  102). 

Langdon  {Joiirn.  Gomp.  Neur.,  x,  1900^  p.  4)  injects  strong 
.solution  of  methylen  blue  into  the  body  cavity  of  Nereis,  and 
puts  the  animal  for  some  hours  into  sea-water  in  the  dark, 
fixes  the  stain  by  Bethe's  method,  and  makes  paraffin 
sections. 

See  also  M.  Lewis,  Anat.  Anz.,  xii,  1896,  p.  292  ;  Atheson, 
ibid.,  xvi,  1899,  p.  497 ;  and  the  methods  of  Apathy  §§  -HI, 
368,  371,  and  773. 

881.  Hirudinea- — For  the  methods  of  killing  see  those  given 
for  Lumhricus' \\\  §  878,  also  §§  20  to  26,  and  49. 

Whitman  {Meth.  in  mic.  Annt  ,  p.  27)  recommends  that 
they  be  killed  with  sublimate. 

I  have  obtained  better  results  myself  by  narcotising  with 
carbonic  acid  (§  26),  and  fixing  with  liquid  of  Flemming. 
I  have  also  found  that  lemon  juice  kills  them  in  a  state  of 
very  fair  extension. 

Apathy  succeeds  with  alcohol  of  40  per  cent. 

GrKAF  [Jen.  Zeit.,  1893,  p.  165)  has  obtained  good  results 
by  nai'Coti.sing  with  decoction  of  tobacco. 

882.  Injection. — Whitman  {Amer.  Natural.,  1886,  p.  318) 
states  that  very  perfect  natnral  injections  maj^  often  be 
obtained  from  leeches  that  have  been  hardened  in  weak 
chromic  acid  or  other  chromic  liquid. 

Jacqdet  {Mitth.  Zool.  Stat.  Neajjel,  1885,  p.  298),  for 
artificial  injections,  puts  leeches  into  water  with  a  very  small 
quantity  of  chloroform,  and  allows  them  to  remain  a  day  or 
two  in  the  water  before  injecting  them. 

883.  Nervous  System. — Impregnation  with  gold.  Bristol 
[Journ.  of  Morph.,  xv,  1898,  p.  17)  kills  in  formic  acid  of  15 
to  20  per  cent.,  puts  for  twenty-five  minutes  into  1  per  cent, 
gold  chloride,  reduces  in  formic  acid  of  1  per  cent,  (twelve 
to  eighteen  hours),  and  imbeds  in  paraffin.  See  also  342, 
368,  371  and  773. 

884.  Nephridia. — Shearer  [Quart.  Jniirn.  Micr.  ScL,  Iv, 
1910,  p.  28S)  stains  Histriohdella  intra  vitam  with  very  weak 
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solution  ol:  Methyl  blue,  wliich  allows  the  course  of  the 
nephriclia  to  be  made  out. 

885.  Gephyrea— VoGT  and  Yung  {Anat.  Gomp.  Frat.,  p. 
373)  direct  that  SiyhtmcuUs  nudiishe  kept  for  some  days  in 
perfectly  clean  basins  of  sea  water,  changed  every  day,  m 
order  that  the  intestine  of  the  animals  may  be  got  free  from 
sand,  and  then  antesthetised  with  chloroform. 

Ward  {Bull.  Mus.  Gump.  Zool.,  Camhridcje,  Harvard  Coll., 
xxi,  3,  p.  144)  puts  them  into  a  shallow  dish  with  sea  water 
and  pours  5  per  cent,  alcohol  in  a  thin  film  on  to  the  surface 
of  the  water,  and  as  soon  as  they  make  no  contractions  on 
being  stimulated  removes  to  50  per  cent,  alcohol. 

Lo  Bianco  says  killing  with  0-5  per  cent,  chromic  acid  or 
with  0-1  per  cent,  chloral  hydrate  in  sea  water  may  be  tried. 
Fhascolosoma  and  PUronis  should  be  treated  by  the  alcohol 
method,  larvce  of  Sifunculus  with  cocaine,  §  21. 

Ai'EL  {Zeit.  iviss.  Zool.,  xlii,  1885,  p.  461)  puts  Priapulus 
and  Halicryplus  into  a  vessel  with  sea  water  and  heats  on  a 
water-bath  to  40°  C.  ;  or  they  may  be  thrown  into  boiling 
water,  which  paralyses  them  so  that  they  can  be  quickly  cut 
open  and  thrown  into  i  per  cent,  chromic  acid-  or  picro- 
sulphuric  acid. 

886.  Eotatoria.— For  quieting  them  for  study  in  the  living 
state,  We'bee  {Arch,  de  Biol.,  viii,  4,  1888,  p.  713)  finds  that 
2  per  cent,  solution  of  hydrochlorate  of  cocaine  gives  the 
best  results.  Warm  Avater  gave  him  good  results  for  large 
species,  such  as  those  of  Hydatina  and  Brachionus. 

Hakdy  {Joiirn.  Roy.  Mic.  Soc,  1889,  p.  475)  recommends 
thick  syrup  added  drop  by  drop  to  the  water.  Hudson  {ibid., 
p.  476)  mentions  weak  solution  of  salicylic  acid. 

VoLK  {Jahrb.  Hamburg,  wins.  Anst.,  xviii,  1901,  p.  164) 
quiets  them  in  quince  mucilage,  40  grm.  of  the  seeds  to  1 
litre  of  water.     Cf.  §  917. 

HiKSCHPELDKK  {Zcit.  loiss.  Zool.,  xcvi,  1910,  p.  211)  studies 
them  living  in  neutral  red  of  1  :  50,000. 

See  also  §§  23,  24  and  27.  Methylene  blue,  §  339,  may 
be  found  useful. 

Pervianent  fraparations  may  be  made  by  the  method  of 
RoussKLET  {Journ.  Qiiekatt  Mic.  Cltth,  v,  March,  1895,  p.  1)  : 
The  animals  are  got  together  in  a  watch  glass  and  are  nar- 
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cotisetl  by  adding  to  tlic  Wiitor  at  intcrval.s  a  low  drops  of  tlio 
following'  mixtiiro: 

Hydi-ochlorate  of  cocaine  2  pei-  cent,  solution  .  3  parts. 

Metliylated  spirit  .        .        .        .        .  i 

Water   a  " 

As  soon  as  the  cilia  have  ceased  to  beat,  or  are  seen  to  be 
on  the  point  of  ceasing  to  beat,  they  are  fixed  by  adding  a 
drop  of  liquid  of  Fleuiming  or  of  a  per  cent,  osmic  acid. 
After  half  a  minute  or  less  the  animals  are  taken  out  with  a 
pipette,  and  thoroughly  washed  bypassing  them  through  two 
or  three  watch  glasses  of  distilled  water.  They  are  then 
definitely  mounted  in  a  mixture  of  formol  2^  parts,  distilled 
water  37|  parts. 

ZoGRAF  [Goinptes  Bend.,  cxxiv,  1897,  p.  245)  narcotises  as 
RoDSSELET,  but  without  the  spirit,  fixes  with  osmic  acid  for 
two  to  four  minutes,  then  replaces  this  by  raw  pyroligneous 
acid  diluted  with  eight  to  ten  volumes  of  water,  and  after 
five  to  ten  minutes  washes  in  several  changes  of  water,  and 
passes  through  successive  alcohols  into  glycerin  or  balsam. 

Lenssen  {La  Gelhde,  xiv,  1898,  p.  428)  for  the  embryology 
of  Hyclatina,  kills  with  hot  saturated  sublimate,  dehydrates, 
stains  lightly,  imbeds  in  paraffin  and  stains  with  hgemalum. 

HiRSCHFm.UER  (oj9.  cit.  iup-a)  narcotises  with  cocaine,  and 
fixes  with  Fol's  picro-chromic  acid. 

Beauchamp  [Arch.  Zuol.  Exper.,  iv,  1906,  p.  29)  finds  1  per 
cent,  stovaine  better  than  cocaine  for  some  forms.  He  [Unci., 
X,  1909,  jD.  77)  fixes  for  five  to  ten  minutes  in  four  parts  of 
1  per  cent,  osmic  acid  with  one  of  6  per  cent,  sublimate  and 
five  of  5  per  cent,  bichromate  of  potash,  and  one  droja  of  acetic 
acid  for  each  2  c.c,  and  imbeds  in  celloidin,  and  then  through 
chloroform  in  paraffin  (three  to  ten  minutes). 

See  also  Tozer  [Journ.  Boy.  Micr.  Sue,  1909,  p.  24). 

887.  Acanthocsphali.— Saepetigen  {Murpli.  Jahrb.,  x,  1884, 
p.  120)  obtained  the  best  results  by  killing  gradually  with 
O'l  per  cent,  osmic  acid;  the  animals  placed  in  this  contract 
during  the  first  hours,  but  stretch  out  again  and  die  fully 
extended.  Similarly  with  O'l  per  cent,  chromic  acid;  Echino- 
rhynci  live  for  days  in  it,  but  eventually  die  fully  extended. 

Hamann  {Jen.  Zeit,.,  xxv,  1890,  p.  113)  has  succeeded  with  sub- 
limate, andalso  with  alcohol  contai  ning  a  little  platinum  chloride. 
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Kaiser  {Bihliuth.  Zool.,  H.  vii,  1  HiilFfce,  1891,  p.  3)  I'uuiid 
tluit  a  saturated  aqueous  solution  ol'  cyanide  of  mercury, 
warmed  to  45°  to  50°  C,  and  allowed  to  act  for  from  fiFteeu 
to  sixty  minutes,  and  then  washed  out  with  70  per  cent, 
alcohol,  was  the  best  of  all  fixing  media. 

888.  Nematodes.— The  impermeable  cuticle  is  a  great  obstacle 
to  preparation.  According  to  Looss  [Zool.  Aiiz.,  1885,  p. 
318)  this  difficulty  may  be  overcome  in  the  manner  described 
in  §  553. 

For  fixing,  most  recent  authors  recommend  sublimate 
solutions ;  chromic  solutions  seem  to  have  a  tendency  to 
make  the  worms  brittle. 

But,  according  to  ZuB  Steassen  {Zeit.  wiss.  Zool.,  liv, 
p.  655),  Braclyiiema  rigidiim  ought  to  be  fixed  for  at  least 
twelve  hours  in  mixture  of  Flemuiing. 

AuGSTEiN  {Arch.  Naturg.,  Ix,  1894,  p.  255)  takes  for 
Slroiigylns  filaria  Mayer's  picro-nitric  acid. 

Vejdovsky  [Zeit.  tviss.  Zool,  Ivii,  1894,  p.  645)  advises  for 
Gurdius  0-5  per  cent,  chromic  acid  (twenty-four  hours). 

Lo  Bianco  employs  for  marine  forms  concentrated  subli- 
mate or  picro-sulphuric  acid. 

Looss  [Zool.  Aiiz.,  xxiv,  1901,  p.  309)  prefers  hot  (80°  to 
90°  C.)  alcohol  of  70  per  cent. 

Glaue  [Ze.it.  iciss.  ZooJ.,  xcv,  1910,  p.  554)  kills  Ascaris 
in  a  hot  mixture  of  100  parts  of  saturated  sublimate,  100  of 
alcohol,  and  1  of  acetic  acid. 

Staining  is  frequently  difficult,  and  sometimes  alcoholic 
carmine,  §  234a,  is  the  only  thing  that  will  give  fair  results. 

Braun  (see  Journ.  Boy.  Mic.  Soc,  1885,  p.  897)  recommeuds  that 
small  unstained  Nematodes  he  mounted  in  a  mixture  of  20  pai-ts  gelatin, 
100  parts  glycerin,  120  parts  water,  and  2  parts  carbolic  acid,  wliich  is 
melted  at  the  moment  of  using.  Canada  balsam,  curiously  enough  is 
said  to  sometimes  miike  Nematodes  opaque. 

Demonstration  of  living  ^iWc/imw.— Barnes  (Amer.  Mon.  mile.  Journ., 
xiv,  1893,  p.  104)  digests  tricliinised  muscle  (of  the  size  of  a  pea)  in  a 
mixture  of  3  gr.  of  pepsin,  2  dr.  of  water,  and  2  minims  of  hydrochloric 
acid,  kept  at  body  temperature  for  about  thi-ee  hours.  The  flesh  and 
cysts  being  dissolved,  the  fluid  is  poured  into  a  conical  glass,  and 
allowed  to  settle ;  the  trichinas  are  drawn  ofl:  from  the  bottom  with  a 
pipette,  got  on  to  a  slide  with  water  and  examined  on  a  hot  stage. 

Graham  (Arch,  mile  Anat.,  1,  1897,  p.  216)  isolates  Trichina;  by 
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macei-iitiug  for  one  or  two  days  in  2  per  cent,  acetic  acid,  staining  with 
aceto-carmine,  and  teasing. 

889.  Nemertina.— My  bust  results  liavo  always  been 
obtained  by  fixing  with  cold  saturated  sublimate  solution, 
acidified  witli  acetic  acid.  The  other  usual  fixing  agents, 
snch  as  the  osmic  and  chromic  mixture.s,  seem  to  act  as  irri- 
tants, and  pi'ovoke  such  violent  muscular  contractions  that  the 
whole  of  the  tissues  are  crushed  out  of  shape  by  them. 

Prof.  DU  Plessis  has  suggested  to  me  fixing'  with  hot 
(almost  boiling)  water.  I  have  tried  it  and  found  the 
animals  die  in  extension,  without  vomiting  their  proboscis. 
So  also  JoDBiN,  Bull.  3Iuti.  Hist.  Nat.,  1905,  p.  326. 

T  have  tried  Foettingicr's  chloral  hydrate  method  (§  20). 
My  specimens  died  fairly  extended,  but  vomited  their  pro- 
boscides.  According  to  Lo  Bianco  narcotisation  with  a 
solution  of  O'l  to  0'2  per  cent,  in  sea  water  for  six  to  twi'lve 
hours  is  usefuL 

Oestergren  (§  18)  recommends  his  ether  water. 

Dendy  (see  Journ.  Roy.  Mic.  Soc,  1893,  p.  116)  has 
succeeded  with  Geonemertes  by  exposing  it  for  half  a  minute 
to  the  vapour  of  chloroform. 

For  staining  fixed  specimens  in  toto  1  have  found  that  it 
is  well-nigh  necessary  to  employ  alcoholic  stains.  Borax- 
carmine  or  Mayer's  alcoholic  carmine  may  be  recommended ; 
not  so  cochineal  or  htematoxylin  stains,  on  account  of  the 
energy  with  which  they  are  held  by  the  mucin  in  the  skin. 

Sections  by  the  paraffin  method,  after  penetration  with 
oil  of  cedar  (chloroform  will  fail  to  penetrate  sometimes  after 
a  lapse  of  weeks). 

Burgee  {Fauna  u.  Flora  Gulf.  Neapd,  xxii,  1895,  p.  443) 
studies  the  nervous  system,  nephridia,  skin,  nmscle  and 
intestine  by  the  intra  vitam  methyleu-blue  method.  He 
injects  the  animals  with  0-5  per  cent,  solution  in  distilled 
water,  or  O'S  per  cent,  salt  water,  and  allows  them  to  lie  for 
d'lx  to  twelve  hours  or  more  in  moist  blotting  paper. 

See  also  Montgomery  {Zool.  Jahrb.,  Abth.  Morph.,  x,  1897,  p.  6) ;  and 
BoHMiG  (Zcit.  wiss.  Zool,  Ixiv,  1898,  p,  484). 


890.  Cestodes.— As  pointed  out  by  Vogt  and  Yung  {Traile 
d'Anat.  Comp.  Prat.,  p.  204),  the.  observation  of  the  living 
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animal  may  be  of  service,  especially  in  the  study  of  tlie 
excretory  system.  And,  as  shown  by  Pintner,  Ta)nisB  may 
be  preserved  alive  for  several  days  in  common  water  to  which 
a  little  white  of  egg  has  been  added. 

To  WE  It  {Zool.  Jahrb.,  xiii,  1899,  p.  363)  has  kept  Moniezia 
expansa  alive  for  several  days  in  a  mixture  of  100  c.c.  of 
tap  water,  10  gr.  of  white  of  egg,  2  of  pepsin,  2  of  sugar, 
and  5  of  prepared  beef  ("  Bovox").  Chloride  of  sodium,  he 
says,  should  be  avoided. 

LoNNBKRG  [Centralh.  Bahteriol.,  xi,  1892,  p.  89  ;  Jnnrn. 
Roij.  Mic.  Soc,  1892,  p.  281)  has  kept  Trissriophoriis  vodu- 
losus  alive  for  a  month  in  a  slightly  acid  pepsin-pejatone 
solution  containing  from  3  to  4  per  cent,  of  nutritive  matter 
and  less  than  1  per  cent,  of  NaCl. 

For  the  nervous  system,  Tower  [Zool.  Anz.,  xix,  1896, 
p.  323)  fixes  in  a  picro-platin-osmic  mixture  (stronger  than 
that  of  0.  vom  Rath,  §  101)  for  ten  hours,  then  treats  for 
several  hours  with  crude  pyroligneous  acid,  and  lastly  with 
alcohol,  and  imbeds  in  paraffin. 

Zernecke  {Zool.  Jahrb.,  Abth.  Anal.,  ix,  1895,  p.  92)  kills 
Ligiila  in  the  osmio-bichromic  mixture  of  GtGLGi  (4  :  1), 
impregnates  as  usual,  makes  sections  in  liver,  and  treats  them 
by  the  hydroquinon  pi-ocess  of  Kallius.  Besides  the  peri- 
pheral and  central  nervous  system,  muscle-fibres,  parenchyma 
cells,  and  the  excretory  vascular  system  ai-e  impregnated. 

He  has  also  obtained  good  results  by  the  methylen-blue 
method. 

Blocbmann  {Biol.  Centralh.,  xv,  1895,  p.  14)  i-ecommends 
the  bichromate  and  sublimate  method  of  Golgi. 

See  also  Kohlee,  Zeit.  tviss.  Zool.,  Ivii,  1894,  p.  386  (stretches  Tsenia; 
round  a  glass  plate  or  on  cork,  and  fixes  witli  5  per  cent,  sublimate) ; 
LuHE,  Centralh.  Bald.,  xxx,  1901,  p.  166,  and  Ransom,  Z7.  S.  Nation. 
Mus.  Bull.,  Ixix,  1909,  p.  8. 

891.  Trematodes  (Fischer,  Zeit.  tviss.  Zool.,  1884,  p.  1). — 
Opisthotrema  cochleare  may  be  mounted  entire  in  balsam. 
For  sectioning,  he  recommends  a  mass  made  by  dissolving 
15  parts  of  soap  in  17"5  parts  of  96  per  cent,  alcohol.  The 
sections  should  be  studied  in  glycei'in. 

Lo  Bianco  fixes  Trematodes  with  hot  saturated  sublimate. 

Looss  {Arch,  viilc.  Aval.,  1896,  p.  7)  takes  for  Bilharzia 
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wavm  (50°  to  60°  0.)  1  pov  cent,  sublimate  in  70  per  cent, 
alcohol. 

Bettendorp  {Zool.  Jahrh.,  Abth.  Morph.,  x,  1897,  p.  308) 
has  had  good  results  with  the  I'apid  Golgi  method  only  on 
IHs-foma  hepatimm,  and  prefers  methylen  blue. 

Havet  (La  Gelhole,  xvu,  1900,  p.  853)  has  also  had  i-esults 
with  the  Golgi  method  on  this  form,  and  also  with  thioniii, 
(after  fixing  with  sublimate),  which  demonstrates  tigroid 
substance. 

Gerearipe. — Schwarze  {Zeit.  wiss.  Zool.,  xliii,  1886,  p.  45) 
found  that  the  only  fixing  agent  that  would  preserve  the 
histological  detail  of  these  forms  was  cold  saturated  sublimate 
solution  warmed  to  35°  — 40°  0. 

For  an  "  indiffei-ent  "  liquid,  Hopmann  [Zool.  Jahrh.,  xii, 
1899,  p.  176)  takes  1  pai't  of  white  of  egg  in  9  of  normal 
salt  solution. 

892.  Turbellaria.— Braun  [Zeit.  wisf<.  Mik  ,  iii,  1886,  p.  398) 
gets  entire  animals  (Rhabdocoela)  on  to  a  slide,  lightlj^ 
flattens  out  with  a  cover,  and  kills  by  running  in  a  mixture 
of  three  parts  of  liquid  of  Lang  with  one  of  1  "pev  cent, 
osmic  acid  solution.  (Bohmig  [ibid.],  commenting  on  this, 
says  that  for  some  of  the  tissues,  such  as  muscle  and  body 
parenchyma,  nitric  acid  and  picro-sulphuric  acid  are  very 
useful.)     Sections  may  be  made  by  the  paraffin  method. 

Delage  (Arch,  de  Zool.  exp.,  iv,  2,  1886)  recommends  fixation  (of 
Rhabdocoela  Accela)  hj  an  osmium-carmine  mixture,  for  whicli  see  Joe. 
cit.,  or  by  concentrated  solution  of  sulphate  of  iron.  Liquid  of  Lang  was 
not  successful. 

For  staining,  lie  recommends  either  the  osmium-carmine  or  impreg- 
nation with  gold  (3  formic  acid,  two  minutes  ;  1  jiier  cent,  gold  chloride, 
ten  minutes  ;  2  per  cent,  formic  acid,  two  or  three  days  in  the  dark.) 

Bohmig  (Zeit.  wiss.  Mile,  iii,  1886,  p.  239)  has  obtained  instructive 
images  with  Plagiostomidas  fixed  with  sublimate  and  stained  with  the 
osmium-carmine. 

Grakf  {Turbellaria  Acoela,  Leipzig,  1891  ;  Zeit.  wiss.  Mile, 
ix,  1892,  p.  76)  says  that  chromo-aceto-osmic  acid,  followed 
by  ha3matoxylin,  is  good  for  the  skin,  but  not  for  the 
Ehabdites,  which  in  Acoela  and  Alloiocoela  seem  to  be 
destroyed  by  swelling.  The  same  method  is  also  good  for 
the  parenchyma  of  Amphi  cheer  us  cinereus,  Gonvoltda  parado.ra 
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iind  sord'ida.  Sublimate  is  good  for  Convoluta  Roscofl'ensis. 
The  nervous  system  may  be  investigated  by  the  methods  of 
Delage. 

For  Dendrocoela  sublimate  soUitions,  sometimes  hot,  appear 
indicated  for  fixing  ;  see  the  mixture  of  Lang,  §  64,  also 
Chichkoff  {Arch.  de.  Binl.,  xii,  1892,  p.  438). 

Arnold  {Arch.  Zellforsch.,  iii,  1909,  p.  433)  kills  Dendro- 
cadnm  in  extension  (?)  with  strong  liquid  of  Flemming. 

Oes'I'ERGREN  narcotises  Dendroccelim  with  his  ether-water, 
§  18. 

Jaknichkn  {Zeit.  iviss.  Zool.,  Ixii,  1896,  p.  256)  advises 
for  Planaria,  eyes  epecially,  picro-sulpliuric  acid  for  an 
hour  or  two  ;  osmic  acid  is  not  good,  and  liquid  of  Miiller 
macerates.  He  stains  with  borax-carmine,  makes  sections, 
and  puts  them  for  ten  minutes  into  osmic  acid,  then  for  five 
minutes  into  pyroligneous  acid,  on  the  top  of  the  stove. 
He  macerates  the  visual  rods  in  a  mixture  of  one  part 
common  salt,  one  of  acetic  acid,  and  100  of  water.  He 
bleaches  the  pigment  of  the  eyes  with  peroxide  of  hydrogen. 

Wii-HBLMi  {ibid.,  Ixxx,  1906,  p.  548)  throws  Triclads  into 
almost  boiling  mixture  of  Zenker,  and  after  10  to  30  minutes 
removes  to  water  for  some  hours,,  and  then  passes  into  iodine 
alcohol. 

■*  Echinodermala. 

893.  Holothurioidea.— These  are  difficult  to  fix  on  account 
of  their  contracting  with  such  violence  under  the  influence 
of  irritating  reagents  as  to  expel  their  viscera  through  the 
oral  or  cloacal  aperture. 

VoGT  and  Yung  {Anat.  Comp.  Prat.,  p.  641)  say  that 
Cuciimaria  Phmci  {G-  dolioltim,  Marenzeller)  is  free  from 
this  vice  ;  but  they  recommend  that  it  be  killed  with  fresh 
water,  or  by  slow  intoxication,  §  25. 

Synaiita  may  be  allowed  to  die  in  a  mixture  of  equal 
parts  of  sea  water  and  ether  or  chloroform  (S.  Lo  Bianco). 

Oestergren  (§  18)  puts  Biinapta  into  his  ether  water,  but 
Dendrochirota  first  into  magnesium  sulphate  of  1  to  2  per 
cent.,  for  some  hours. 

GicROULD  {Bull.  Mm.  Harvard  Coll.,  xxix,  1896,  p.  125) 
paralyses  Caudina  with  sulphate  of  magnesia,  §  24,  and  fixes 
with  liquid  of  Perenyi  (or  sublimate  for  the  ovaries). 
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Holothurids,  Dr.  Wi'inioit  informs  me,  ai-o  admirably  pro- 
served  in  formaldeliydoj  a  weak  solution  is  sufficient. 

For  the  staining  of  muscles  with  methyleu  bhie,  see  Iwanzoi'f, 
Arch.  mik.  Anat.,  xlix,  1897,  p.  103;  and  for  the  study  of  calcareous 
plates,  see  Woodland,  Quart.  Joum.  Micr.Sci.,  xlix,  190(5,  p. 534  (fixation 
with  osmic  acid,  staining  with  picro-carmine,  followed  by  Lichtgriin). 

894.  Echinoidea.— I  advise  that  they  be  killed  by  injection 
of  some  fixing  liquid.  For  preservation,  formaldehyde  lias 
proved  admirahle  in  all  respects,  and  greatly  superior  to 
alcohol  (Weber). 

Lo  Bianco  kills  by  pouring  over  them  (mouth  upwards)  a 
mixture  of  ten  parts  acetic  acid  and  one  of  1  per  cent,  chromic 
acid,  and  brings  at  once  into  weak  alcohol.  Or  he  makes  two 
holes  in  the  shell,  lets  the  water  run  out  and  alcohol  run  in. 

Sectiori.<i  of  spines  may  be  made  hy  grinding,  see  §  177. 

Spicula  and  the  skeleton  of  pedicellarife  may  be  cleaned 
by  ean  do  Javelle,  see  Doderlein  {Wiss.  Ergeh.  Tiefsce-Exped., 
V,  1906,  p.  67). 

895.  Asteroidea. — Hamakn  [Beitr.  Hist.  Echiriodcrmen,  ii, 
1885,  p.  2)  injects  the  living  animal  with  a  fixing  liquid 
through  the  tip  of  a  ray.  The  ambulacral  feet  and  the 
branchias  are  soon  distended  by  the  fluid,  and  the  animal  is 
then  thrown  into  a  quantity  of  the  same  reagent. 

In  order  to  study  the  eyes,  with  the  pigment  preserved 
ioi  situ,  they  should  be  removed  by  dissection,  should  be 
hardened  in  a  mixture  of  equal  parts  of  1  per  cent,  osmic 
acid  and  1  per  cent,  acetic  acid,  and  sectioned  in  a  glycerin 
gum  mass,  or  some  other  mass  that  does  not  necessitate  treat- 
ment with  alcohol  (which  dissolves  out  the  pigment,  leaving 
the  pigmented  cells  perfectly  hyaline).  For  maceration  use 
one-third  alcohol,  the  aceto-osmic  mixture  failing  to  preserve 
the  rods  of  the  pigmented  cells. 

Formaldehyde  is  not  to  be  recommended  for  the  preservation 
of  Asteroidea  (Webkk). 

See  also  Lo  Biakco,  rp.  cit.  (he  kills  Brisinga  with  absolute 
alcohol),  also  §§  17,  20. 

896.  Ophiuridea  should  in  general  be  killed  in  frcfh  water 
if  it  be  desired  to  avoid  rupture  of  the  rays  (De  Castellaknau, 
La  Est.  Zool.  dii  Napoles,  p.  135). 
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Lo  Bi  vNCO  kills  small  forms  with  weak  alcohol,  Ophiopsila 
with  absolute  alcohol,  and  OpMomyxa  with  0-5  per  cent. 

chromic  acid.  ^~<-,\  r 

Russo  (Richerche  Lah.  Anat.  Roma,  iv,  l89o,  p.  lo7)  hxes 
Ovluothrix  for  an  hour  or  two  in  Q-o  per  cent,  osmic  ac.d 
and  then  decalcifies  in  solution  of  Muller  for  six  to  ten 
days  Or  he  fixes  for  three  minutes  in  a  mixture  of  two 
pLrts  concentrated  sublimate  solution,  one  part  70  per  cent, 
alcohol,  and  one  part  acetic  acid  (sp.  gr.  106),  and  decalcifies 
in  Muller  or  in  70  per  cent,  alcohol  with  10  per  cent,  of 
acetic  acid.     He  stains  with  paracarmine. 

897  Criaoidea.-Lo  Bianco  [loc.  cit.,  p.  458)  fixes  Anledon 
rosacea  with  70  per  cent,  alcohol,  A.  phalangiiua  with  90 
per  cent. 

898  Larvae  of  EcMnodermata  (from  instructions  written  down 
for  me  by  Dr.  Bahrois).— For  the  study  of  the  metamor- 
phoses of  the  Echinoidea  and  Ophiuridea  it  is  necessary  to 
obtain  preparations  that  show  the  calcareous  .Meton  preserved 
intact  (a  point  of  considerable  importance,  snice  this  skeleton 
frequently  affords  landmarks  of  the  greatest  value),  and  that 
give  clear  views  of  the  region  of  formation  of  the  young 
Echinoderm  (which  is  generally  opaque  in  the  living  larva). 
They  sh6iild  also  possess  sufficient  stiffness  to  'alk)w  of  the 
larva  being  turned  about  in  any  desired  way,  and  placed  in 
any  position  under  the  microscope. 

Plufeus  larv^  should  be  fixed  in  a  cold  saturated  solution 
of  corrosive  sublimate,  for  not  more  than  two  or  three 
minutes,  then  washed  with  water,  and  brought  into  dilute 
Mayer's  cochineal  (§  235).  This  should  be  so  ddute  as  o 
possess  a  barelv  perceptible  tinge  of  colour.  They  should 
remain  in  it  for  from  twelve  to  twenty-four  hours,  being 
carefully  watched  the  while,  and  removed  from  it  nt  the 
right  moment  and  mounted  in  balsam,  or,  which  is  frequently 
better,  in  oil  of  cloves  or  cedar-wood. 

Auricularia  and  Bipinnaria.—As  above,  but  the  earlier 
stao-es  of  the  metamorphosis  of  Auricularia  are  better  studied 
by  fixing  with  osmic  acid,  staining  with  Beale's  carmnie,  and 
mounting  in  glycerin. 

Larviii  of  Comatula  arc  best  fixed  witli  liquid  of  Jiang, 
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uikI  .staiiiud  wiLli  diluta  l)ora.\-cni,iiiiiiL'.  Jti.s  iiiiportiiiifc  (lor 
propanitioiis  that  are  not  destined  to  bo  sectioned)  to  use 
only  diktte  borax-cavniine,  as  tlie  strong  solution  ])rodiices 
an  over-stain  that  cannot  easily  be  reduced. 

Narcotisation  by  chloral  hydrate  before  fixing  is  useful, 
especially  for  the  study  of  Pentacrinus  larva)  and  of  the 
young  Si/najitcT.  formed  from  Auriculai'ia.  Without  tliis 
precaution  you  generally  get  preparations  of  larva?  eithei- 
shut  up  {Pentacrinus),  or  entirely  deformed  by  contraction 
(young  8ynaptsB). 

See  also  MacBeide  on  the  development  of  Amphiura  squuviata, 
Quart.  Journ.  Micr.  Sol.,  xxxiv,  1892,  p.  131  (osmic  acid  followed  by  liquid 
of  Miiller  and  alcohol ;  decalcification  with  nitric  acid  in  alcohol ;  stain- 
ing with  Mayer's  pai-acarmine  or  haiuialinn) ;  and  Sbeligeb  on  the  de- 
velopment of  Antadon,  Zuol.  Juhrh.,  Abth.  Anat.,  vi,  1892,  p.  161. 

Macbride  (Quart.  Juarn.  Mia:  Sci.,  xxxviii,  1896,  p.  340)  fixes  larvau 
of  Asterina  in  osmic  acid,  brings  into  liquid  of  Miiller  for  twelve  to  four- 
teen hours,  imbeds  in  celloidin  followed  by  paraffin  (see  §  171).  and 
stains  sections  with  carmalum  or  Delafield's  haimatoxylin,  best  after  a 
foregoing  stain  of  twenty-four  hours  in  borax  carmine. 


Maxku  {Grundziiye,  Lee  and  Mayek,  1910,  p.  486)  arrange 
a  number  of  fixed  and  stained  Plutei.  on  a  sheet  of  gelati 
foil  gummed  to  a  slide  with  cuparal,  dehydrates  by  addin 
alcohol  by  drops,  and  adds  euparal  and  a  covei-.  See  als 
Woodland,  Quart.  Journ.  Micr.  Sci.,  xlix,  1905,  p.  307. 


Guelcnlerata. 

899.  Thread-cells.— IwANZOFF  {Bull.  Soc.  Nat.  M(scov,  x,  1896, 
p.  97)  advises  for  the  Nematocysts  of  Actinia)  maceration  by  the  Hert- 
"WIg's  method,  §  534,  or  better,  fixation  for  two  to  five  minutes  with 
va,pour  of  osmium  followed  by  a  short  washing  with  sea  water  or  distilled 
water. 

For  MedusiB  he  also  advises  the  Hbrtwig's  method,  §  534,  or  treat- 
ment with  a  solution  containing  methyl  green  and  gentiim  violet  with  a 
little  osmic  acid. 

900.  Little  {Journ.  App.  Mic,  vi,  1903,  p.  2116;  Juurn. 
Roy.  Mic.  Soc,  1903,  p.  237)  hills  Hydra  in  hot  saturated 
sublimate  in  70  per  cent,  alcohol,  washes  with  alcohol,  stains 
for  five  minutes  in  strong  solution  of  methylen  blue,  dehy- 
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dvates  rapidly,  clears  with  cedar  or  bergamot  oil,  and  mounts 
in  talsam.    Neinatooytes  blue,  tlie  rest  unstained. 

901.  Actinida.— For  narcotisation  methods  see  §§  15  to  26. 

902  Fixation. -h^  Le  Atlinie,  Fauna  u.  Flora  d.  Golfes  v. 
Neavd,  Andres  says  that  hot  corrosive  sublimate  often  gives 
o-ood  results.  In  the  case  of  the  larger  forms  the  solution 
should  be  injected  into  the  gastric  cavity. 

Freezing  sometimes  gives  good  results.  A  vessel  contam- 
ino-  Actinia)  is  put  into  a  recipient  containing  an  ,ce-and-salt 
freezing  mixture  and  surrounded  by  cotton-wool.  After 
freezing,  the  block  of  ice  containing  the  ammals  is  thawed 
in  alcohol  or  some  other  fixing  liquid. 

Ddebben  {Jor^rn.  Inst.  Jamaica,  u,  1898,  p.  449)  narcotises 
with  magnesium  sulphate,  §  24,  and  fixes  with  formol  of  3 
to  5  per  cent. 

903.  Maceration.-For  the  Hertwigs'  method  {Jen  Zeit 
1879  p.  457)  see  §  534.    The  tissues  should  be  left  to 
n,acerate  in  the  acetic  acid  for  at  least  a  day,  and  may  then 

be  teased  in  glycerin.  ,     i.    i  „-p 

List  {Zeit  wiss.  Mih.,  iv,  1887,  p.  211)  treats  tentacles  of 
Antheafereus  and  8a.gartia  parasitica  for  ten  minutes  with 
a  mixture  of  100  c.c.  of  sea  water  with  30  c.c.  of  Flemmmg  s 
strong  liquid,  then  washes  out  for  two  or  three  hours  m 
0-2  per  cent,  acetic  acid,  and  teases  in  dilute  glycerin. 
Picro-carmine  may  be  used  for  staining. 

904  Nervous  .j/.iem.-This  group  is  generally  held  to  be 
refractory  to  the  Golgi  impregnation.     Havet,  l^«w«^er  (Z^«^ 
Cellule  xviii  1901,  p.  388),  has  obtained  good  results  by  the 
'        m^thok  on  ;onng  specimens  of  Metridiun.  d.a^ 
Besides  nerve-cells,  there  are  impregnated  neui-o-musculai 
cells,  gland-cells,  and  nematocytes.    Leave  for  o    «  »  ^^^^ 
in  the  osmic  micture.    He  has  also  had  good  results  by  the 
intra  vitam  methylen  blue  method  (tins  is  f «  g^^^ 
nematocytes).    So  also  has  Grosel.  {Arh.  Zool.  Inst  Umv 
men,  xvii,  1909,  p.  269),  adding  the  dye  to  the  water  with 
the  animals  till  it  gives  a  steel-blue  tint. 
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905.  Zoantharia  with  Calcareous  Skeletons  ai-e  dilKcult  to 
deal  with  on  account  of  tlie  great  contractility  of  tlie  polyps 
Sublimate  solution,  whicli  ought  very  often  to  bo  taken 
boiling,  sometimes  gives  good  results. 

See  also  Lo  Bianco,  he.  cit.,  p.  416. 

Sedions.-^^e  §§  177  and  178,  for  undecalcified  specimens. 

906.  The  Alcyonaria  have  also  extremely  contractile  polyps 
In  a  former  edition  I  suggested  for  their  fixation  either  hot 
sublimate  solution  or  glacial  acetic  acid  (§  84).  S.  Lo  Bianco 
has  since  recommended  essentially  similar  processes.  Gakbini 
[Manuule,  p.  151)  drenches  them  with  ether,  and  brings  into 
strong  alcohol. 

Wilson  {Mitth.  Zool.  SkU.  Neapel,  1884,  p.  3)  kills  Alcyo- 
naria with  a  mixture  of  one  part  of  strong  acetic  acid  and 
two  parts  of  concentrated  solution  of  corrosive  sublimate,  the 
animals  being  removed  as  soon  as  dead  and  hardened  for  two 
or  three  hours  in  concentrated  sublimate  solution. 

907.  Zoantharia  and  Alcyonaria.— Braun  {Zool.  Anz.,  1886,  p 
458)  inundates  Alcyonium  palmatum,  Sympodium  coralloides 
(.orgoma  verrucosa,  GaryophylUa  cyathus,  and  PalythoL 
axmellse  with  a  mixture  of  20  to  25  c.c.  of  concentrated 
solution  of  sublimate  in  sea  water  with  four  to  five  drops  of 
1  per  cent,  osmic  acid,  and  after  five  minutes  passes  into 
successive  alcohols. 

(This  metliod  also  gives  good  results  with  Hydra  and  some 
Bryozoa  and  Rotifers.) 
See  also  §  14. 

_    BuJOB  (Arch.  Zool.  caper.,  ix,  1901,  p.  50)  kills  Veretilluvi 
m  sea  water  containing  10  percent,  each  of  formol  and  ether 
and  after  a  minute  passes  into  2  per  cent,  solution  of  formol 
m  sea  water. 


908.  Hydroidea,  Polypoid  Forms.— For  suitable  narcotisation 
methods  see  §§  15  ef.  seq. 

For  killing  by  heat  see  §  13. 
_    Fixation.~ln  general  the  polyps  may  be  very  well  killed 
m  saturated  sublimate  solution,  in  which  they  should  be 
plunged  for  an  instant  merely,  and  be  brought  into  alcohol 
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The  solution  should  be  employed  cold  in  geuonil  t'oi-  Uyuiuo- 
blastea,  hot  for  most  Calyptobhistea. 

Jllthev  attentively  administered  gives  good  results  with 
Canipanularidte.  Hydra  is  very  easily  killed  by  a  drop  of 
osmic  acid  on  a  slide. 

For  the  methylen-hhie  intra  vitam  method,  see  Chapter 
XVI;  also  Hadzi,  Arh.  Zool.  Inst.  Wien,  xvu,  1909,  p.  225. 

909.  Medusae :  Fixation. — For  narcotisation  see  §  17. 

Trachynieduste  and  Acaleplias  may  be  fixed  in  the  usual 
way  in  chromic  or  osmic  mixtures.  Osmic  acid  may  be  added 
to  the  sea  water  containing  the  animals,  which  should  be 
removed  to  spring  water  as  soon  as  they  begin  to  turn  brown. 

910.  BiGELOW  {Mem.  Boston  Soc.  nat.  Hist.,  v,  1900,  p.  193)  fixes  the 
scyphistomes  of  Cassiopeia  iu  Lo  Bianco's  mixtui-e  of  10  j)arts  of  10 
per  cent,  solution  of  cupric  sulphate  with  1  of  saturated  sublimate,  aucl 
hardens  them  in  5  per  cent,  bichromate  of  potash. 

911.  Medusae  :  Sections. — Paraffin  and  collodion  are  certainly 
not  satisfactory  as  all-round  methods  for  these  watery 
organisms.  The  Hertwigs  [Nervensystem  der  Mcdiisen,  1878, 
p.  5)  imbedded  in  liver  with  the  aid  of  glycerin  gum,  and 
hardened  the  objects  and  the  mass  in  alcohol. 

See  also  Joliet's  glycerin-gum  method,  and  the  gelatin 
methods  in  ■Chapter  VIII. 

912.  Medusse  :  Maceration. — See,  especially  for  the  study 
of  the  nervous  system,  §  534.  Doubtless  in  many  cases  the 
pyrogallic  acid  reaction,  §  374,  would  give  enhanced  dilferen- 
tiation. 

913.  Siphonophora. — For  the  cupric  sulphate  method  of 
Bedot  [Arch.  Sci.  phys.  et  nat.,  xxi,  1889,  i^.  556),  which  is 
admirable  for  the  preparation  of  museum  specimens,  but  not 
necessary  for  histological  work,  as  well  as  for  those  of  Lo 
Bianco  {oj->.  cit.,  p.  454),  Feiedlander  [Biot.  Centralb.,  x,  1890, 
p.  483),  and.  Davidoff  [Aiiat.  Anz.,  xi,  1896,  p.  505)  see 
previous  editions.  Lo  Bianco  fixes  most  forms  with  the 
mixture  given  §  910. 

For  preserving,  according  to  Wkbek,  formaldehyde  is 
better  than  alcohol.     Davjuofp  [loc.  cit.)  fixes  in  it. 
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914.  Ctenophora  ;  Fixation.— The  small  foniiK  uru  very  easily 
prepared  by  means  of  osmic  acid.  For  the  large  forms  see 
Lo  Bianco,  luc.  cit.,  p.  457.  He  uses  liis  copper  sulphate 
iiiixLuvej  §  910. 

Samassa  makes  sections  by  the  double-imbedding  method, 
see  ArcJ).  mik.  Anal.,  xl,  1892,  p.  157. 

P<>rifera. 

915.  Spongise  :  Fixation. — -The  smaller  forms  can  be  fairly 
well  fixed  by  the  usual  reagents,  osmic  acid  being  one  of  the 
best.  For  the  lai-ger  forms  absolute  alcohol  is  apparently 
the  best.  If  any  watery  fluid  be  preferred,  care  should  at 
all  events  be  taken  to  get  the  sponges  into  strong  alcohol  as 
soon  as  possible  after  fixation,  on  account  of  the  rapidity 
with  which  maceration  sets  in  in  watei-y  fluids.  Fieulkk 
{Zeit.  urius.  ZuoL,  xlvii,  1888,  p.  87)  has  been  using  (for 
8pongilla),  besides  absolute  alcohol,  an  alcoholic  sublimate 
solution  and  the  liquids  of  Kleinenberg  and  Flemming. 

Staining. — To  avoid  maceration,  I  hold  that  alcoholic 
stains  should  be  alone  employed,  and  I  recommend  Mayer's 
tincture  of  cochineal,  §  235.  Von  Lendenpeld  {Zeit.  witsn. 
Mile,  xi,  1894,  p.  22)  uses  aqueous  solutions  of  Congo  red  and 
anilin  blue  for  the  coloration  of  collar-cells. 

Minchin  {Quart.  Journ.  Mic.  Sci.,  xl,  1898,  p.  569)  stains 
spicula  sheaths  with  Freeborn's  picro-nigrosin,  §  6S1. 

Rousseau  {Ann.  Sue.  Bdij.  Mic,  xxiv,  1899,  p.  51)  stains 
in  nigrosin,  picro-nigrosin,  or  indulin,  or  Mayer's  picro- 
magncsia  carmine. 

For  intra-vitam  staining,  see  Loisel,  §  208  ante,  p.  138. 

For  silvering,  see  §  356. 

Sectioning.  —  Calcareous  sponges  may  be  decalcified  in 
alcohol,  acidified  with  hydrochloric  or  nitric  acid,  and  then 
imbedded  in  the  usual  way.  Siliceous  sponges  may  be 
desilicified,  §  574. 

For  Rousseau's  methods,  see  §  574.  Vosmaeb  and  Pekel- 
HAKiNG  decalcify  with  a  solution  of  picric  acid  in  absolute 
alcohol  (see  Zeit.  tncs.  Mile,  xv,  1899,  p.  462). 

See  also  Johnstone-Lavis  and  Vosniaer,  §  179. 

Preparation  of  Hard  Paits.- Siliceous  spicules  are  easily 
cleaned  by  treating  them  on  a  slide  with  hot  concentrated 
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nitriu  or  hydrochloric  acid,  or  sohition  of  potash  or  soda. 
The  acids  mentioned  are  very  efficient,  but  may  attack  tlie 
silex  of  somo  delicate  spicules.  Potasli  solution  is,  therefore, 
frequently  to  be  preferred,  notwithstanding  that,  in  my 
experience,  it  does  not  give  such  clean  preparations. 

According  to  Noll,  eau  de  Javelle  is  preferable  to  any  of 
these  reagents,  see  §  552. 

Embryos  and  Larvae. — Maas  [Zuol.  Jahrb.,  Abth.  Morpli.,v\\, 
1894,  p.  334)  fixes  larvas  in  liquid  of  Flemming  or  Hermann, 
one  to  three  minutes,  and  stains  with  borax-carmine,  or  with 
gentian  violet  and  Orange  G  (Flemming).  He  also  {Zuit. 
uiss.  Zool.,  Ixvii,  1900,  p.  218)  fixes  young  Sycones  in  abso- 
lute alcohol  and  stains  with  ammonia  carmine  (spicules  in 
situ) . 

Dii'LAGE  [Arch.  Zool.  Exyer.,  x,  1892,  p.  421)  fixes  larvaa 
of  Spongilla  that  have  settled  down  on  cover-glasses  for  three 
minutes  in  absolute  alcohol,  stains  in  alcoholic  carmine,  §234a, 
and  brings  through  alcohol  into  oil  of  bergamot,  then  either 
mounts  direct  in  balsam,  or  detaches  the  larvae  from  the  cover 
and  imbeds  in  pai'affin  (three  minutes). 

Protozoa. 

916.  Introductory.— The  reagents  and  methods  of  cytology 
are  in  great-'part  applicable  to  this  group.  One  of  the  most 
generally  useful  of  these  reagents  will  be  found  in  the  acid 
solution  of  methyl  yreen;  it  is  the  reagent  that  allows  of  the 
readiest  and  best  demonstration  of  the  presence  and  form 
of  the  nucleus  and  nucleolus  (Balbiani  et  Henneguy,  Compt. 
rend.  Soc.  de  Biol,  1881,  p.  131). 

Weak  solutions  of  alum,  potash,  and  borax  serve  to 
demonstrate  the  striations  of  the  cuticle,  and  the  insertions 
of  the  cilia  of  Infusoria. 

ScHUBEEG  {Arch.  Protistevlc,  vi,  1905,  p.  63)  stains  cilia  by 
the  GoLGi  impregnation  (will  bear  a  cover) ;  or  by  Loefflee's 
stain  for  flagella  (fix  with  vapour  of  osmium,  the  rest  under 
a  cover). 

For  the  mitochondria  of  Protozoa,  see  Fatjee-Fukmiet, 
Arch.  d'Ariat.  viicr.,  xi,  1910,  p.  457  [intra-viiam  stains  for 
them,  Dahlia  in  salt  solution  or  PiciE'i's  liquid  being  the 
best). 
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917.  Immobilisation. — Sue  Llio  uarcutisation  inotliods  §§  20 
to  25. 

According  to  Scuurmayhii  [Jen.  Zdt.,  xxiv,  1890,  p.  402), 
nitrate  of  strychnin,  of  O'Ol  per  cent,  or  les.s,  gives  good 
results  with  some  forms,  amongst  whicli  are  Stmlor  and 
Garchesiiim.  Antipyrin  (O"!  per  cent.),  or  cocaine  of  O'Ol 
per  cent.,  seems  only  to  have  given  good  results  as  I'egards 
the  extension  of  the  stalk  in  stalked  forms. 

EiSMOND  {Zool.  Anz.,  xiii,  1890,  p.  723)  slows  the  movements 
of  small  organisms  (small  worms  and  Crustacea  as  well  as 
Ciliata)  by  means  of  a  drop  of  thick  aqueous  solution  of 
cherry-tree  gum  added  to  the  water  containing  tliein  (gum 
araLic  and  the  like,  it  is  stated,  will  not  do).  Tlie  objects 
remain  fixed  in  their  places,  with  cilia  actively  moving,  and 
all  vital  processes  retaining  their  full  activity. 

Oertes  [Bull.  8oc.  Zool.  France,  xvi,  1891,  p.  93)  has 
found  that  an  intra  vitam  stain  may  be  obtained  by  adding 
methyl  blue  or  "  violet  dahlia.  No.  170"  to  the  gum  solution. 

Jj5NSEN  (after  Stahl;  see  Biol.  Centraihl.,  xii,  1892,  p. 
558)  makes  a  solution  of  3  grammes  of  gelatin  in  100  c.c. 
of  ordinary  water  by  the  aid  of  heat.  This  makes  a  jelly  at 
the  normal  temperature.  It  is  slightly  warmed,  and  a  drop 
of  it  is  mixed  in  a  watch  glass  with  a  drop  of  water  con- 
taining the  organisms. 

See  alsoVoLK,  antu,  §  886;  Statkewitsch,  J.rc/(.  Protiistenk., 
V,  1904,  p.  17;  Lyon,  Amer.  Journ.  Pliyn ,  xiv,  1905,  p.  427 
[neutralised  gum) . 

918.  Staining  intra  vitum. — See  hereon  Brandt  (Verh. 
2)hysiol.  Gcs.  Berlin,  1878)  ;  Certes  {Bidl.  Soc.  Zool,  25 
janv.,  1881);  and  Henneguy  {Soc.  Philom.,  12  fev.,  1881). 
See  also  §  208. 

Bkandt  recommends  a  1  :  3000  solution  of  Bismarck  brown; 
also  [Biol.  Geiitralh.,  i,  1881,  p.  202)  "a  dilute  solution  of 
liasmatoxylin." 

Certes  {op.  cit.,  pp.  21,  226,  2G4,  and  Zool.  Anz.,  iv,  1881, 
pp.  208,  287)  found  that  living  Infusoria  stain  in  weak  solu- 
tions of  cyanin,  Bismarck  brown,  dahlia,  violet  5  B,  chrysoidin, 
nigrosin,  methylen  blue,  malachite  green,  iodine  green,  and 
other  tar  colours,  and  hajmatoxylin.  The  solutions  should  be 
made  with  the  liquid  that  constitutes  the  natural  habitat  of 
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the  organisms.  They  should  be  very  weak,  that  is  of 
strengths  varying  between  1  :  10,000  and  1  :  100,000.  For 
cyanin,  1  :  500,000  is  strong  enough. 

As  to  the  staining  of  the  Nucleus,  see  Przesmycki,  Biol. 
Centrnlh.,  vii,  1897,  p.  321  ;  and  as  to  that  of  the  Granula, 
the  same'author,  Zeit.  iviss.  Mile,  xiii,  1896,  p.  478.  Also 
LoisEL,  §  208, 

Examination  in  a  coloured  medium  in  which  the  organisms 
do  not  stain,  but  show  up  on  a  coloured  background  is  some- 
times helpful.  Certes  [Bull.  8oc.  Zool.  de  France,  xiii,  1888, 
p.  230)  recommends  solution  of  aniliu  black — Infusoria  will 
live  in  it  for  weeks;  Fabee-Domergub  [Ann.  de  Microgr.,  ii, 
1889,  p.  545)  concentrated  solution  of  diphenylamin  blue. 

919.  Demonstration  of  Cilia  (Waddington,  Journ.  Roy.  Mic. 
Soc.  1883,  p.  185). — A  drop  of  solution  of  tannin,  or  a  trace 
of  alcoholic  solution  of  sulphurous  acid,  added  to  the  water 
containing  the  living  organisms. 

920.  Fixing  and  Preserving.— For  killing  by  heat  see  §  13. 
Ppitzner  {Mor2)h.  Jahrh.,  xi,  1885,  p.  454)  used  concen- 
trated solution  of  picric  acid  rxin  in  imder  the  cover. 

Entz  (Zoo/.  Avz.,  iv,  1881,  p.  575)  adds  liquid  of 
Kleincnber^  to  the  water  containing  the  organisms  in  a 
u-atch  glay'S. 

KouscHELT  [ibid.,  V,  1882,  p.  217)  employs  in  the  same 
way  1  per  cent,  osmic  acid,  or,  for  Amceba3,  2  per  cent, 
chromic  acid. 

Lansberg  ^bid.,  p.  336)  advises  the  same  reagents,  but 
recommends  bringing  the  organisms  into  the  fixing  liquid  with 
n  pifette. 

For  fixation  witb  iodine  (Kent)  or  iodine  vapour  (Overton), 

see  §  83. 

For  sulphurous  acid,  §  62. 

Cattaneo  [Bullcttiiio  Scientifico,  iii  and  iv  ;  Journ.  Roy. 
Mic.  Soc,  1885,  p.  538)  fixes  for  a  few  minutes  with  i  per 
cent,  solution  of  chloride  of  palladium. 

Brass  {Zeit.  wiss.  Milt.,  1884,  p.  39)  employs  a  mixture  of 
1  part  each  of  chromic  acid,  platinum  chloride,  and  acetic 
acid  with  400  to  1000  parts  of  water. 

Certes  {Comptes  rend.,  Ixxxviii,  1879,  p.  433)  fixes  with 
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2  per  cent,  osmic  acid,  or  its  vapours  (10  to  30  ininute.s). 
Foi-  details  see  previous  editions. 

LoNGHi  [Bull.  Mus.  ZooL  Univ.  Genova,  1892,  No.  4)  kills 
in  10  c.c.  of  1  per  cent,  sulphate  of  eserin  with  1  drop  of  1 
per  cent,  sublimate. 

SCALA  [Rev.  Mn^.  La  Plata,  xv,  1908,  p.  57)  fixes  for  5  or 
10  minutes  in  a  mixture  of  2  mg.  of  atropin,  10  drops  of 
formol,  10  grm.  of  glycerin  and  50  c.c.  of  water. 

See  also  Puschkarew,  Zeil.  wins.  Mile,  xxviii,  191],  p.  145 
(agar  process  for  fixing  and  staining  Amosbae). 

FoL  {Uhrh.,  p.  102)  fixes  delicate  marine  Infusoria  [Tin- 
ihinodea)  with  the  perchloride  of  iron  solution  (§  80),  added 
to  the  water  containing  them,  and  stains  with  gallic  acid 
§  375. 

Lo  Bianco  [he.  cii.,  p.  444)  fixes  G-regarinas  with  picro-sul- 
phuric  acid  (one  hour),  Vorticella3  with  hot  sublimate, 
Acineta:!  with  sublimate  in  sea  water,  or  with  osmic  acid, 
Thalassicola  with  0-5  "per  cent,  chromic  acid  (one  hour), 
AcanthoraetrsB  and  Aulacanthas  with  50  per  cent,  alcohol  or 
with  concentrated  sublimate,  or  by  adding  a  little  osmic  acid 
to  the  water.     For  Sphferozoa  he  proceeds  as  Brandt,  §  022. 

ZoGRAP  fixes  Ehizopoda  and  Infusoria  as  Rotatoria,  §  886, 
but  without  narcotisation. 

See  also  Fabre-Domeegtje,  Anv.  de  Microgr.,  ii,  1889,  p.  545,  and 
1890,  p.  50;  ScHEWiAKOPF,  P2&Zio<7(.  Zool,  V,  1889,  p.  5;  Journ.  Boy. 
Mic.  Soc,  1889,  pp.  832,  833;  Zos a,  Boll.  8ci.  Pavia,  1892;  Zeit.  wiss. 
Mile,  ix,  1893,  p.  485 ;  Latjtbeboen,  Zeit.  wiss.  Zool.,  lis,  1895,  p.  170 ; 
ScHATJDiNN,  ibid.,  p.  193;  Balbiani,  Zool.  Am.,  xiii,  1890,  p.  133; 
Kakawaiew,  ihid.,  xviii,  1895,  p.  286. 

921.  Sections. — The  organisms  should  be  strongly  fixed, 
then  dehydrated  and  cleared,  and  brought  into  melted 
paraffin  in  a  small  watch  glass.  After  a  few  minutes  therein 
they  are  brought  on  a  cataract  needle  on  to  a  small  block  of 
paraffin,  and  arranged  there  with  a  heated  needle  and 
sectioned.  They  may  be  stained  after  fixation,  or  the 
sections  may  be  stained  on  the  slide,  §§  186  or  187. 

Entz  {Arch.  Protisteiih.,  xv,  1909,  p.  98)  brings  the  objects 
from  clove  oil  into  clove  oil  collodion  of  the  consistency  of 
hone}',  then  brings  them  in  this  into  a  funnel  made  of 
paraflEin,  and  when  they  have  collected  at  the  bottom  of  this 
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puts  it  into  chloroform,  which  dissolves  the  paraffin  and 
liardeus  the  collodion. 

See  also  §  137,  and  Pbzesmycki,  loc.  cit.  §  918. 

922.  Sphaerozoa. — Brandt  {Fauna  ii.  Flora  Golf.  Neafd, 
xiii  1885,  p.  7)  fixes  with  clu-omic  acid  of  0-5  per  cent,  to 
1  per  cent,  (half  an  hour  to  an  hour),  or  with  a  mixture  of 
equal  volumes  of  sea  water  and  70  per  cent,  alcohol  with  a 
little  tincture  of  iodine  for  a  quarter  to  half  an  hour,  or  with 
a  5  to  15  per  cent,  solution  of  sublimate  in  sea  water. 

Kauawaiew  {Zool.  ^?iz.,xviii,  1895,  p.  286)  fixes  Aulacanlliu 
for  24  hours  in  equal  parts  of  strong  liquid  of  Flemming 
and  acetic  acid,  and  hardens  for  several  days  in  pure  liquid 
of  Flemming. 

See  also  Lo  Bianco,  §  920. 

923.  Sporozoa. — Wasiklewski  [Sporozocnlcuncle,  Jena,  1896, 
p.  153)  stndies  them  living  in  their  natural  medium,  or  m 
normal  salt  solution,  or  in  a  uiedium  compo.sed  of  20  parts 
white  of  egg,  200  of  water,  and  1  of  common  salt.  He  fixes 
Gregarinje  and  Coccidia  with  osmic  acid,  sublimate,  or  picro- 
sulphuric  acid,  and  Myxosporidia  with  liquid  of  Flemming. 

Schaudinn  [Zool.  Jahrh.,  Ahth.  Anat.,  xiii,  1900,  p.  197) 
fixes  Coccidia  with  a  mixture  of  2  parts  of  saturated  aqueous 
sublimate  and  1  of  absolute  alcohol,  with,  if  desired,  a  trace 
of  acetic  acid. 

Stkmpei.l  {Arch.  Protistenk.,  xvi,  ir09,  p.  389)  fixes  cater- 
pillars infected  with  Noscmn  in  two  parts  of  saturated 
sublimate  with  one  of  alcohol  and  a  little  acetic  acid,  and 
stains  sections  for  as  much  as  four  days  in  Giemsa's  mixture, 
rinses  with  alcohol  and  passes  through  xylol  into  balsam. 

Leger  {ihid.,  iii,  1904,  p.  311)  fixes  cysts  for  a  minute  in 
"acetic  sublimate,"  puts  for  a  minute  into  absolute  alcohol, 
and  stains  as  a  smear  with  hfemalum  or  iron  hasmatoxylm. 

Brasil  {Arcli.  Zuol.  Exiier.,  4,  iv,  1905,  p.  74)  fixes  them  for 
twenty-four  hours  in  a  mixture  of  1  grm.  picric  acid,  15  c.c. 
acetic  acid,  60  c.c.  formol  and  160  c.c.  alcohol  of  80  per  cent., 
and  stains  paraffin  sections  in  iron  haematoxylin  followed  by 
eosin  and  orange  G.,  or  Lichtgrun  and  picric  acid. 

924.  Hsematozoa.— Grassi  {Att.  Accad.  Lincei,  iii,  1900, 
p.  357)  demonstrates  the  Malaria-parasites  in  the  intestine, 
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body-cavity  and  salivary  glands  of  Anopheles  by  treating 
them  with  normal  salt  solution  containing  2  per  cent,  of 
formol  (pure  formol  produces  swellings)^  or  in  a  mixture 
of  r5  grm.  of  salt  and  250  c.c.  of  water  with  the  white  of 
an  egg.  He  fixes  with  sublimate,  makes  paraffin  sections, 
and  stains  with  haDmalum  or  iron  hasmatoxylin.  He  stains 
the  Sporozoites  by  making  cover-glass  preparations  which 
are  allowed  to  dry,  put  for  twenty-five  minutes  into  absolute 
alcohol,  and  stained  by  the  process  of  Romanowsky,  §  720. 

For  minute  instructions  for  the  application  of  this  process  to 
sections,  see  Giicmsa,  Deutscli.  med.  Woclienschr.,  xxxvi,  No.  12, 
1910;  and  Schdberg,  i/r/d,  xxxv.  No.  40,  1909  {Zeit.  tviss. 
Mile,  xxvii,  1910,  pp.  160,  161  and  513). 

For  clinical  methods,  see  Coles,  The  Diseases  of  fhe 
Bhod,  London,  J.  &  A.  Churchill,  1905. 

Bradpoud  and  Plimmek  {Quart.  Journ.  Micr.  Sci.,  xlv,  1902, 
p.  452)  fix  I'rypanosumes  in  vapour  of  equal  parts  of  acetic 
acid  and  2  per  cent,  osmic  acid,  or  with  Golland's  formol  and 
absolute  alcohol,  and  stain  with  methylen  blue  and  eosin, 
and  mount  in  turpentine  colophonium. 

HiNDLE  {Univ.  Calif.  Fuh.  Zool,  vi,  1909,  p.  129)  makes 
smears  on  cover  glasses  coated  with  albumen,  fixes  for  five 
minutes  in  liquid  of  Flemming,  passes  through  water  up  to 
absolute  alcohol,  then  for  ten  minutes  into  alcohol  of  80  per 
cent,  with  a  good  proportion  of  iodine  in  potassic  iodide,  then 
into  30  per  cent,  alcohol,  and  stains  with  iron  hfematoxylin 
or  safranin,  then  with  polychrome  methylen  blue,  and  lastly 
with  Unna's  orange  with  tannin,  and  gets  quickly  through 
alcohol  into  xylol  and  balsam. 

MiKCHiN  {Quart.  Journ.  Micr.  Sci.,  liii,  1909,  p.  762)  makes 
cover-glass  smears,  fixes  them  with  vajoours  of  osmic  acid 
(with  or  without  acetic  acid),  and  mounts  them  dr^',  or  in 
balsam  after  fixing  in  liquids  and  various  stains,  amongst 
these  that  of  Twoet.  Half-saturated  solutions  of  neutral 
red  and  Lichtgriin  are  mixed,  the  precipitate  dried  and  dis- 
solved to  about  0"1  per  cent,  in  methyl  alcohol  with  5  per 
cent,  of  glycerin.  Three  parts  of  this  are  diluted  with  1  of 
water,  the  smears  stained  for  an  hour,  differentiated  with 
Unma's  glycerin-ether,  and  mounted  in  balsam.  This  stain 
works  best  after  fixation  with  sublimate. 

Policaud   (C.  R.  Soc.  Bivl.,  Ixviii,  1910,  p.   505)  stains 
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Ti-ypanosomes  intra  vitam  by  adding  a  drop  of  concentrated 
solution  of  neutral  red  to  the  edge  of  a  drop  of  blood  spread 
between  slide  and  cover. 

925.  Flagellata. — Lauterborn  {Zeit.  wins.  Zool.,  lix,  1895, 
p.  170)  fixes  Geratiim  for  about  ten  minutes  in  liquid  of 
Flemming,  puts  into  alcohol  for  twenty-four  hours,  brings 
back  into  water,  bleaches  if  necessary  with  hydrogen  per- 
oxide, and  stains  with  picrocarmine  or  Delafield's  haematoxylin. 
He  also  imbeds  in  paraffin,  §  921,  and  stains  sections  with 
iron  haematoxylin. 

Zacharias  {Zool.  Anz.,  xxii,  1899,  p.  72)  fixes  Urogleim, 
etc.,  with  a  mixture  of  2  vols,  saturated  aqueous  solution  of 
boracic  acid  and  3  of  saturated  sublimate. 

926.  Stains  for  Flagella.— The  Romanowsky  stain  will  give 
a  red  stain  of  the  flagella  of  some  forms. 

The  method  of  Loffi.er  {Centralbl.  BaUeriol.,  vi,  1889,  p. 
209  ;  vii,  1890,  p.  625  ;  Zeit.  iviss.  Mik.,  vi,  1889,  p.  359  ;  vii, 
3,  1890,  p.  368;  Journ.  Roy.  Mic.  Soc,  1889,  p.  711;  1890, 
p.  678)  is  as  follows.  To  10  c.c.  of  a  20  per  cent,  solution 
of  tannin  are  added  5  c.c.  of  cold  saturated  solution  of  ferrous 
sulphate  and  1  c.c.  of  (either  aqueous  or  alcoholic)  solution 
of  fuchsin,  methyl  violet,  or  "  Wollschwarz."  Cover-glass 
preparations  are  made  and  fixed  in  a  flame  in  the  usual  way, 
special  care  being  taken  not  to  over-heat.  Whilst  still  warm 
the  preparation  is  treated  with  mordant  (i.  e.  the  above-des- 
cribed mixture),  and  is  heated  for  half  a  minute,  until  the 
liquid  begins  to  vaporise,  after  which  it  is  washed  in  distilled 
water  and  then  in  alcohol.  It  is  then  treated  in  a  similar 
manner  with  the  stain,  which  consists  of  a  saturated  solution 
of  fuchsin  in  anilin  water  (p.  177),  the  solution  being  pre- 
ferably neutralised  to  the  point  of  precipitation  by  cautious 
addition  of  O'l  per  cent,  soda  solution. 

See  also  Liebetanz,  Arch.  Protistenlc,  xix,  1910,  p.  23. 
BuNQE  {Journ.  h'oy.  Mic.  Soc,  1894,  p.  640 ;  Zcit.  loiss.  Mile, 
xiii,  1896,  p.  96)  makes  the  mordant  by  mixing  three  parts 
of  the  tannin  solution  with  1  of  liquor  Jerri  sesquichlorati 
diluted  twentyfold  with  water,  and  lets  the  mixture  ripen 
for  some  days  exposed  to  the  air,  or  {Journ.,  1895,  pp.  129, 
248)  adds  to  it  a  few  drops  of  hydrogen  peroxide,  until  it 
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becomes  red-bi-own,  when  it  is  shaken  up  and  filtered  on  to 
the  covei'-glass  and  allowed  to  act  for  a  minute.  The  cover- 
glass  is  then  mopped  up  and  dried,  and  stained  with  carbol- 
gentian. 

KoERNER  and  Fischer  (quoted  from  Encycl.  mile.  Techn. 
p.  514)  make  the  mordant  with  2  parts  of  tannin,  20  of  water, 
4  of  ferrous  sulphate  solution  of  1  :  2  strength,  and  1  of 
saturated  alcoholic  solution  of  f uchsin.  Warm,  let  it  act  for 
a  minute,  rinse  and  stain  with  anilin-water-f  uchsin,  or  carbol- 
f  uchsin; 

Similarly  Ellis  [Gentralb.  Baht.,  xxi,  1903,  p.  241  ;  Juurn. 
Boy.  Mic.  Soc,  1904,  p.  249),  but  staining  with  Saureviolett, 
1  part  to  75  of  alcohol  and  75  of  water. 

Peppler  [Gentralb.  Baht.,  xxix,  1901,  p.  376  ;  Zeit.  wlss. 
Mih.,  xviii,  1901,  p.  222)  makes  the  mordant  with  20  parts  of 
tannin  in  80  of  water,  and  15  parts  of  2*5  per  cent,  chromic 
acid  added  gradually.     This  mordant  will  keep  for  months. 

Rossi  [Arch,  per  le  8c.  vied.,  xxiv,  1900,  p.  297  ;  Zeit.  wiss. 
Mile,  xviii,  1901,  p.  226)  takes  for  the  mordant  a  solution  of 
25  grms.  of  tannic  acid  in  100  of  caustic  potash  of  0"1  per 
cent.,  which  will  keep  indefinitely.  The  stain  is  Ziehl's 
carbol-fuchsin,  §  289.  Cover-glasses  are  pi-epared  with  a 
drojj  of  culture,  dried,  and  treated  with  1  drop  of  the 
mordant  and  at  the  same  time  4  to  5  of  the  stain,  allowed 
to  remain  for  15  to  20  minutes,  washed,  and  mounted.  See 
also  Gentralb.  Baht.,  xxxiii,  1903,  p.  572  (Zeit.  wiss.  Mih., 
xix,  1903,  p.  517). 

GrEMKLLi  (Gentralb.,  xxxiii,  1903,  p.  316  ;  Zeit.  wiss.  Mih., 
xix,  1903,  p.  516)  mordants  for  10  to  20  minutes  in  0*025  per 
cent,  permanganate  of  potash,  rinses  and  stains  for  15  to  30 
minutes  in  a  mixture  of  20  parts  0'75  per  cent,  aqueous 
solution  of  calcium  chloride  and  1  pai-t  of  1  per  cent,  neutral 
red  solution. 

A  method  of  Pitfield  is  described  by  Kendall,  Journ. 
app.  Mic,  V,  1902,  p.  1836  {JoiLrn.  Roy.  Mc.  8oe.,  1902,p.  502). 
The  mordant  consists  of  10  parts  of  10  per  cent,  tannin  solu- 
tion, 5  parts  of  satui'ated  sublimate  solution,  5  of  saturated 
solution  of  alum,  and  5  of  cai-bol  fuchsin.  Mordant  for  a 
minute  with  heat,  and  stain  with  a  mixture  of  2  parts  satu- 
rated aqueous  solution  of  gentian  violet  with  10  of  saturated 
solution  of  alum. 
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Van  Ermengem  {Journ.,  1894,  p.  405)  fixes  for  a  few  minutes 
with  a  mixture  of  1  part  2  per  cent,  osmic  acid,  and  2  parts 
10  to  25  per  cent,  solution  of  tannin,  washes,  treats  with  0"25 
to  0'5  per  cent,  solution  of  nitrate  of  silver,  then  for  a  few 
seconds  with  a  mixture  of  5  parts  gallic  acid,  3  of  tannin, 
10  of  acetate  of  soda,  and  350  of  watei-,  then  puts  back  again 
into  the  silver  for  a  short  time,  then  washes  and  mounts. 

See  also  Stephens,  ibid.,  1898,  p.  685,  and  Gordon,  ibid., 
1899,  p.  235,  and  the  methods  of  Trenkmann  [Gentralb.,  vi, 
1889,  p.  433  ;  Zeit.  wiss.  Mile,  vii,  1890,  p.  79)  ;  Brown 
[Journ.  Roy.  Mic.  8oc.,  1893,  p.  268)  ;  Jdlien  [Hid.,  1894,  p. 
403)  ;  ScLAVo  (Zeit.  wiss.  Mile,  xiii,  1896,  p.  96)  ;  Hessisrt 
{ibid.,  p.  96);  MuiR  {Journ.  Boy.  Mic.  Soc,  1899,  p.  235); 
McCrorib  [ibid.,  1897,  p.  251;  he  stains  for  two  minutes  in  a 
mixture  of  equal  parts  of  concentrated  solution  of  night-blue, 
10  per  cent,  solution  of  alum,  and  10  per  cent,  solution  of 
tannic  acid)  ;  Zettnow  {ibid.,  1899,  pp.  662,  664)  ;  Morton 
{ibid.,  1900,  p.  131) ;  Welcke  {ibid.,  p.  132) ;  Levaditi,  G.  B. 
8oc.  Biol.,  lix,  1905,  p.  326  (for  Spirochete  pallida,  Ramon's 
neurofibril  stain)  ;  Meirowsky,  Miincli.  med.  Wochenschr., 
Ivii,  1910,  No.  27;  Kai.b,  ibid..  No.  26  {Zeit.  iviss.  Mil., 
xxix,  1912,  pp.  123,  124;  both  for  Spirochsete) . 
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927.  Chemicals,  Stains,  and  Apparatus. — Addresses  from  which 
it  is  recommended  that  these  be  obtained  are  given  in  §  11, 

928.  Cleaning  Slides  and  Covers. — New  ones  should  first  be 
soaked  in  one  of  tlie  following  liquids  :  strong  sulphuric, 
hydrochloric  or  nitric  acid,  or  aqua  regia,  or  a  mixture  of  an 
ounce  each  of  sulphuric  acid  and  bichromate  of  potash  with 
from  8  to  12  ounces  of  water,  then  washed  first  with  water 
and  lastly  with  alcohol,  and  dried  with  a  clean  cloth. 

For  ^i,Ked  ones,  if  a  balsam  mount,  warm,  push  the  cover 
into  a  vessel  with  X3I0I  or  other  solvent  of  the  mount,  and 
put  the  slide  into  another  vessel  with  the  same,  leave  for  a 
few  days,  and  then  put  into  strong  alcohol.  If  this  is  not 
sufficient,  treat  as  for  new  ones.  Some  persons  boil  in  lysol, 
which  I  do  not  find  efficacious. 

For  the  final  treatment,  see  p.  121.- 

929.  Gum  for  Labels. — Labels  stuck  on  glass  often  strip  off. 
This  may  be  avoided  (Marpmann,  Zeit.  Anijew.  Mih.,  ii,  1896, 
p.  151  ;  Jourii.  Roy.  Mic.  Soc,  1897,  p.  84)  by  means  of  the 
following  adhesive  :  120  grammes  of  gum  arabic  are  dissolved 
in  a  quarter  of  a  litre  of  water,  and  30  grammes  of  gum  tra- 
gacanth  in  a  similar  quantity.  After  a  few  hours  the  tra- 
gacanth  solution  is  shaken  until  it  froths,  and  mixed  with 
the  gum  arabic  solution.  Strain  through  linen  and  add  150 
grammes  of  glycerin  previously  mixed  with  2^  grammes  of 
oil  of  thyme. 

Peirce  [Journ.  app.  Mic,  ii,  1899,  p.  627  ;  Joiirn.  Boy.  Mic. 
Soc,  1900,  p.  404)  finds  that  if  the  end  of  the  slide  be 
painted  with  a  thin  solution  of  balsam,  it  may  be  written  on 
with  ink  when  dry,  and  the  record  preserved  by  a  second 
coat  painted  over  it. 

For  other  receipts  see  early  editions. 
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A. 

Abbe,  mounting  medium,  244 
Absolute  alcohol,  59 — 61,  235 
Acanthocephali,  462 
Acetate  of  copper,  56 
Acetate  of  lead,  381 
Acetate  of  potash,  for  bluing  hsma- 
tein  stains,  160;  for  mounting, 
238  ;  refractive  index,  235 
Acetate  of  silver,  216 
Acetate  of  uranium,  57 
Acetic  acid,  action  in  fixing  mixtures, 
22,  23  —24,  45,  54 ;  fixing  with, 
53;  Lo  BiANCo's  "  concentrated," 
54;  due  proportions  in  mixtures, 
54  ;  various  mixtures,  55  et  seg. ; 
for  decalcification,  280 
Acetic  acid  carmine,  145 
Acetic  alcohol,  55,  381 ;  ditto  with 

sublimate,  55 
Acetic  bichromate,  42 
Ace  to  carmine,  145 
Acetone,  for  ceUoidin  imbedding, 
105 ;   for   dehydration,  4 ;  for 
hardening,  63;  for  imbedding, 
81 ;  chloroform,  15  ;  formol,  67  ; 
sublimate  solation,  48 
AcHABD  and  Beynaud,  impregna- 
tion, 213 
AchOcarbo,  neuroglia,  442 
Acid  alcohol,  62 
"  Acid"  dyes,  130 
Acid,  free,  test  for,  191 
Acid  f  uchsin,  183 
Acid  magenta,  183 
Acid  rubin,  183 
Acidophilous  elements,  132 


Acidopliilous  mixture,  193 
Acids,  see  Acetic,  Chromic,  Hydro- 
chloric, Nitric,  Osmic,  etc. 
Acids,  Congo  red  as  a  test  for,  191  . 
Acridin  red,  350 
Actinite,  13,  14,  17,  274,  470,  471 
Actinida,  470,  471 
Actol,  429 

Adamkiewics,  myelin  stain,  418 
Addresses,  for  instruments  and  re- 
agents, 10,  11 
Adipose  tissue,  351,  352 
Adjective  staining,  133 
Agababow,  elastic  tissue,  348 
Agassiz  and  Whitman,  pelagic  ova, 
305 

Aguebrb  and  Kratjse,  neuroglia, 
440 

Albumen,  examination  media.,  237, 
239  ;  freezing  method,  118  ;  in- 
jection mass,  267 ;  section-fixing 
process,  122,  123,  125  ;  removal 
from  ova,  289,  300 

Alcohol,  for  dehydration,  3 ;  for 
preservation,  4;  for  narcotisa- 
tion, 14  ;  for  fixing,  59-62  ;  for 
hardening,  61 ;  for  maceration, 
271  ;  removal  of,  5  ;  absolute, 
61,  235;  acetic,  55;  one-third, 
62 ;  hydrochloric  acid,  62  ;  tests 
for  water,  62;  table  for  diluting, 
60  ;  ethylic,  index  of  refraction, 
235 

Alcohol  balsam,  246 

Alcohol,  methyl,  for  narcotisation, 

15  ;  refractive  index,  235 
Alcoholic  carmines,  148 — 150 
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Alcoholic  cochineal,  150 
Alcoholic  formol,  65 
Alcyonaria,  472 
Alcyonella,  15 
Alcyoniuin,  13 
Aldehyde,  428 

Alexander,  reconstruction,  291 
Alferow,  silver  impregnation,  21G 
Alfiebi,  bleaching,  285 
Alizarin,  artiiicial,  197 ;  for  nerve- 
tissuo,  385,  414;  for  neuroglia, 
327;    for   mitochondria,  329; 
intra  vitam,  138 
Alkanna  for  staining,  353 
Allen,  gum  and  glycerine,  240 
Allen,  niethylen  blue,  205 
Allbbhand,  myelin  stain,  417 
Alt,  axis-cylinder  stain,  385 
Altmann,  bleaching,  31 ;  osmicatod 
fat,  352 ;  osmic  and  bichromic 
mixture,  37;   nitric  acid,  39; 
corrosion,    277 ;    iixatives  for 
nuclei,  323 ;  bioblasts,  328 
Alum,  ammonia,  solubility,  163 
Alum,  ferric,  157 

Alum-carmine,  142,  143;  ditto  with 
picric  acid,  145 

Alum-hajmatoxyliu  stains,  159  et 
seq. ;  general  characters,  159 ; 
bluing  them,  159 

Aluminium  chloride  carmine,  144 

Alzheimer,  neuroglia,  441 

Amann,  lactophenol,  241 ;  high  re- 
fractive medium,  213 

Amber  varnish,  252,  253 

Ambronn  and  Held,  polarisation, 
417 

Ammar,  resine  de,  246 
Ammonia-alum,  163 
Ammonia-carmine,    146 ;    how  to 

neutralise,  259,  260. 
Ammonia,  chromate  of,  44 
Ammonio-nitrate  of  silver,  216,  398 
Ammonium    molybdate  imjiregna- 

tion,  227,  401,  402 
Amphibia,  embryology,  300 — 303 
Amphibia,  larvas,  317 
Amphioxus,  305 


efer  to  the  imges. 

Amphipoda,  embryology,  313 
Amyl  nitrite,  258 
Amyloid  matter,  171 
Andebr,  phloroglucin,  283 
Andbbbw,  sulphorhodamin,  138 
Andres,  nicotine  narcotisation,  13; 

Actinia),    14,  471 ;  imbedding 

squares,  79  ;  Actinida,  471 
Andrews,  imbedding  apparatus,  79 ; 

osmic  acid,  29 ;  blastoderm  of 

Aves,  296 
Anethol,  118 

Anglade  and  Morel,  neuroglia,  441 

Angus  and  Co.,  10 

Anile,  section  cutting,  94 

Anilin,  for  clearing,  4,  73,  111;  for 
imbedding,  73;  as  a  mordant, 
177 ;  refractive  index,  235 

Anilin  blue,  195,  230 

Anilin  blue-black,  196,  384 

Anilin  dyes,  generalities,  169  et 
seq.;  and  see  Coal-tar  colours. 

Anilin  green,  170 

Anilin  oil,  see  Anilin. 

Anilin  red,  181 

Anilin  violet,  172 

Anilin  water,  177 

Aniseed  oil,  118,  235 

Anitschkow,  freezing  method,  117; 
serial  sections,  125 

Annelids,  458  ;  narcotisation,  15,  18, 
458,  459 

Anodonta,  16 

Antennffi,  456 

Anthozoa,  470 

Anthracen  ink  stain,  437 

Apatut,  washing  sublimate  material, 
46 ;  alcoholic  sublimate,  48 ; 
osmic  sublimate,  224;  paraflSn 
imbedding,  81,  83 ;  knife  posi- 
tion, 90,  91 ;  knife-holder,  93  ; 
section-cutting,  96 ;  paraiEn 
mass,  98 ;  gelatin  imbedding, 
101 ;  celloidin  imbedding,  103, 
104.  105,  106,  108,  109,  110; 
serial  sections,  water  method 
121 ;  methods  for  celloidin  sec- 
tions, 126,  127 ;  hcBinatein  mix- 
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tare  I  A,  164 ;  alcoholic  liojnio- 
toxylin  stain,  166;  methylen 
blue,  200,  203,  205,  206,  207; 
cement  for  glycerin  mounts,  240, 
252  ;  maceration,  274 ;  muscle  of 
Vermes,  342;  gnm  syrup,  208, 
gold  chloride,  219,  220,  223,  224  ; 
neuro-fibrils,  371,  402;  formol 
mixture,  67 ;  picro-siiurefuchsin, 
189  ;  Canada  balsam,  245  ;  killing 
Hirudinea,  460 

Apel,  Gephyrea,  461 

Apparato  reticolare  of  Golgi,  403, 404 

Aqiteous  huiuour,  237 
Araneida,  embryology,  312 
Arctiscoida,  458 
Areolar  tissue,  345 
Argentamin,  397,  417 
Argulus,  fixation  of,  455 
Argutinskt,  serial  sections,  125 
Argyroneta,  ova,  313 
Arion,  embryology,  308 
Akndt,  bone,  355 

Arnold    G.,  fixing   mixture,  51; 

orange  method,  190;  Dendro- 

ccelum,  467 
Arnold,    J.,    neutral    red,    191 ; 

maceration,  271 ;  glycogen,  320  ; 

cell  granules,  327 ;  mitochondria, 

330 ;  kidney,  372 
Arnstbin,  methylen  blue,  204,  207 ; 

gold  method,  334 ;  papiUas  foU- 

atae,  335 

Aronson,  nerve-stain,  with  gallein, 
414 

Arsenic  acid,  283 
Artefacts  of  fixation,  22,  43 
Arthropoda,  454—458;  embryology, 
309—313 

Artificial  aUzarin,  197,  327,  329,  385, 
414 

Artificial  fecvmdation,  287 
Artificial  serum,  238 
Ari'om,  embryology  of  Ascaris,  316 
Ascaris,  fixation,  463  ;  ova,  55,  56, 
194,  315 

Ascidians,  17, 418 ;  gemmation,  306  ; 
test-cells,  306 
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Asphalt  varnish,  251 ;  injection,  268 
Asphyxiation,  17 
AssMANN,  blood,  364 
Astacus,  embryology,  313 
Asteroidea,  468 ;  larvas,  469 ;  eyes, 
457 

Athanasitj  and  Draqoiu,  connective 

tissvie,  346 
Atheson,  Annelids,  460 
Athias,  Golgi  impregnation,  429 
AuBBBT,  cements,  249 
AuBURTiN,  aerial  sections,  126 
Aubrbach,  staining  nerve-cells,  385, 

389 ;  axis-cylinder-stain,  385 
AuGSTBiN,  Strongylus,  463 
Aui'antia,  193 
Auricularia,  469 
Aves,  embryology,  295 — 298 
Axis-cylinder,  stains  for,  418  ct  seq.  ; 

structure,  389—403 
Azofuchsin,  385 
Azosiliireblan,  385 
Azoschwarz,  196 

AzouLAY,  osmic  acid  nerve-stain, 
227,  416  ;  Golgi's  impregnation, 
425 

Azui- 1,  azur  II,  200,  365 
Azur-eosin,  365 


B. 

Babcock,  celloidin  blocks,  110 

Babes,  safranin,  177,  178 

Bakat,  cartilage,  358 

Baker,  C,  address,  10 

Balbiani,  methyl  green  and  eosin, 
193 ;  embryological  methods, 
288,  312  ;  Protozoa,  478 

Balbiani  et  Hbnnbgtit,  Protozoa, 
475 

Ballowitz,  muscle  of  Cephalopoda, 
342  ;  electric  organs,  339,  340 ; 
embryologcal  methods,  299 

Balsam,  Canada,  235,  245,  246 

lialsam,  for  imbedding,  116,  117;  as 
a  cement,  252 

Balsam,  Tolu,  235 

Balsams,  244 
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Balzeb  and  Unna,  elastic  tissue, 
347 

Barium  bichromate,  41 
Barnes,  TriclnniB,  463 
Baubois,  larva)  of  Ecliiuoderms,  469 
Babtel,  neuroglia,  440 
Baryta  water,  272 
"  Basic  "  dyes,  130 
Basophilous  elements,  132 
Bastian,  sold  method,  232 
Bataillon,  ova  of  Ascaris,  315 
Bataillon  and  Koehleb,  methylen 
blue,  324 

Baumgartbn,  bleu  de  Lyon,  195 ; 
carmine  and  bleu  de  Lyon,  231 

BiTBEL,  decalcification,  232;  carti- 
lage, 357  ;  stain,  230 

Baton,  neurofibrils,  390 

Bbale,  shellac  varnish,  253;  injec- 
tions, 265  ;  digestion,  276' 

Ubabd,  ova  of  Baja,  305 

Bbadchamp,  Rotifers,  462 

Beck,  J.,  cements,  249 

Becker,  microtome,  11 

Bbdot,  Siphonophora,  473 

Bee,  brain  of,  457 

Beer,  medullated  nerve,  405 

Bbhbens,  G.,  embryology  of  Sal- 
mouidaj,  304 

Bbhebns,  W.,  refractive  indices, 
234  ;  maceration,  272  ;  cement, 
249,  252  ;  clove  oil,  71 ;  levulose, 
241 ;  biniodido  of  mercury,  243 

Bela  Halleb,  maceration,  275 

Bellabminow,  injection,  268 

Bbll,  fat,  353 

Bull's  cement,  251 

Benabio,  blood,  362 

Bbnda,  nitric  acid  fixation,  39 ;  iron 
hasmatoxyliu,  155,  156 ;  copper 
hajmatoxylin,  167 ;  Lichtgriin 
stain,  194;  Saureviolett  stain, 
194;  neuroglia  stains,  440; 
crystal  violet,  197 ;  mitochondria 
stain,  329 ;  centrosome  stains, 
326;  alizarin,  327,  329;  secre- 
tion granules,  327  ;  rapid  myelin 
stain,  413  ;  retina,  J44  ;  ijicro- 
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I         siiurefiiclisin,  189,  344;  fatty 
acids,  353 
liiSNECKE,  stain  for  fibrils,  346 
Benkdkoenti,  formol,  61 
Bbnbdkn,  van,  sublimate  solution, 
45;    acetic    acid,    54;  acetic 
alcohol,  55 ;   malachite  green, 
194 ;  embryology  of  rabbit,  293, 
294;  of  Twnia,  314;  of  Ascaris, 
316. 

IJknedikt  and  Knecht,  dyeing,  129 
Bengal  rose,  192 

Bengtsson,  larvoe  of  Diptera,  310 
Bbnslet,  fixing  mixture,  51 ;  intes- 
tine, 370 ;  phosphorus,  320 
Benzin  colophonium,  246 
Benzoazuriu,  181,  197,  357 
Benzol,  for  clearing,  73 ;  for  im- 
bedding, 81,  83 
Benzopurpurin,  191 
Benzoyl  green,  194 
Bebg,  imbedding,  86 
Bergamot  oil,  for  clearing,  71,  235  ; 

for  imbedding,  81 
Bergh,  Annelids,  459 
Bebqonzini,  plasma  cells  and  Mast- 

zellen,  351 
Berkley,  rajsid  nerve-stain,  413; 
Golgi  impregnation,  428;  liver, 
371 

Berlin  blue  impregnation,  403 
Berlin  blue  injections,  262,  266 
Bebnard,  maceration  of  mollusca, 
453 

Bbbneb,  fat,  353 
Bernheim,  gold  method,  223 
Best,  glycogen,  320 
Mesta,    silver   stain,    397 ;  intra- 
cellular network,  404;  myelin 
stain,  414 
Bbthe,  treatment  of  osmic  material, 
31 ;  methylen  blue,  208  ;  neuro- 
fibrils, 401 ;   stain  for  chitin, 
456 ;  telsons,  456 
Bbttendoef,  Disioma,  466 
Betz,  nervous  centres,  375,  379 
Bevan  Lewis,  see  Lewis. 
Bia-  CO,  S.  Lo,  sec  L;)  Bianco. 
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Bichloride  of  mercury,  see  Sublimate. 
Bichromate  of  ammonia,  44,  376, 

379,  380 
Bichromate  of  bari\im,  41 
Bichromate  of  calcium,  41,  44 
Bichromate  of  copper,  41,  415 
Bichromate  of  potash,  generalities, 
41 ;  for  hardening,  41 ;  for  fix- 
ing, 40,  and  hardening,  376, 
378,  379,  380;  for  maceration, 
273 

Bichromate  of  silver  impregnation, 

see  GoLGi. 
Bichromate  and  osmic  mixtures,  37, 

38  ;  other  mixtures,  42 — 44 
Bichromate  material,  action  of  light 

on,  41  ;  bleaching,  42,  285 
Bichromates,  41 
BiCKFALVi,  digestion,  277 
BiEDEitMANN,  mcthyleu  blue,  204; 

nerve  and  muscle,  337,  338 
BiELAszEwics,    iron  haematoxylin, 

158 

BiBLSCHOvs'SKT,    neurofibrils,  346, 

390,  398,  399 
BiBLSCHOWSKT  and  Bbuehl,  inner 

ear,  446 

BiELSCHOWBKT  and  Plien,  nerve- 
cells,  389 

BiBLSCHOWSKT  and  Wolff,  neui'O- 

fibrils,  398 
BiGBLOvf,  scyphistomes,  473 
BiNET,  bleaching,  30 ;   ganglia  of 

Hexapods,  457 
BiNG  and  Ellermann,  medullated 

nerve,  67 

Biniodide  of  mercury  mounting  me- 
dium, 243 
Bioblasts  of  Altmann,  328 
BioNDi, staining  mixture,  184;  blood, 
360 

Bipinnaria,  469 

Bismarck  brown,  intra  vxlavi,  136, 
138 ;  progressive,  172  ;  regres- 
sive, 181 

Bitume  de  Judee,  251 

BizzozBuo,  blood-plates,  367  ;  glands, 
308 
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BizzozBBO  and  ToiiBE,  blood,  363 
Bjeloussow,  injection,  267 
Blackley  blue,  195 
Bladder  of  frog,  342 
Blattida,  embryology,  311 
BlaiTschwarz,  191 

Bleaching,  osmic  material,  30 ;  bi- 
chromate material  42 ;  chromic 
material,  33;  in  general,  284  — 
286  ;  gold  material,  225 

Blbs,  fixative,  65  ;  ova  of  Ampliibia 
302 

Bleu  alcool,  195 

Bleu  Borrel,  366 

Bleu  carmin,  196 

Bleu  de  Lyon,  195,  230 

Bleii  de  nuit,  195 

Bleu  lumiei  o,  195,  230 

Blochman,  series  sections,  124  ;  ova 
of  Amphibia,  300;  Cestodes, 
465 ;  Brachiopoda,  449 

Blood,  359—368 

Blood-parasites,  479—481 

Blue-black,  196,  384 

Blum,  formol,  64,  65  ;  celloidiu  im- 
bedding, 108 

BoBBETZKY,  ova  of  Lepidojitei-a,  310 

BocoABDi,  gold  method,  223;  stain 
for  nerve-cells,  388 

BoDECKBB,  decalcification,  279,  356 

BoECK,  neurofibrils,  400 

BoHM  gold  method,  222 

BoHM  and  Oppbl,  artificial  serum  ; 
237 ;  egg  of  fowl,  298  ;  bichro- 
mate, 41 ;  ova  of  reptiles,  299 

BoHMEB,  hasmatoxylin,  163 

BoHMiG,  Turbellaria,  466;  Nemer- 
tina,  464 

Bolton,  myelin  stain,  412 ;  Golgi's 

impregnation,  428 
Bone,  280—283,  353—357,  and  see 

Decalcification. 
Bonnet,  embryology  of  dog,  294 
BoNNBT,  triple  stain,  190 
BoNViciNi,  hardening  brain,  380 
Borax  carmine,  148 
Borax  methylen  blue,  324 
BoBDAOE,  double  imbedding,  115 
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Bordeaux  R.,  190,  191 

BoBOKRT,  paraiRn  imbedding,  79 

Boring,  ova  of  Ascaris,  316 

BoBN,  section-stretcher,  94;  recon- 
struction, 290,  291  ;  ova  of  Rana, 
302 

BoBRHi,,  fixing  mixture,  39;  picro- 
indigo-carmine,  230 

Borrel's  blue,  366 

BouiN,  picric  formol,  65,  66 ;  subli- 
mate f  ormol,  66 ;  larvse  of  Rana, 
303  ;  ova  of  SalmonidEB,  304 

BouLE,  neurofibrils,  397 

BouMA,  cartilage,  356 

BovERi,  picro-aeetic  acid,  58;  im- 
bedding small  objects,  289 ;  ova 
of  Ascaris,  316 

BoTCE  and  Hebomann,  copper,  320 

Brachiopoda,  449 

Bradford  and  Plimmer,  trypano- 
somes,  480 

Brady,  chloral  hydrate,  238 

Brabm,  statoblasts,  306 

Brain,  see  Neurological  methods. 

Branca,  formol  mixture,  66 

Brandt,  glycerin  jelly,  242  ;  infu- 
soria, 476  ;  SphsBrozoa,  479 

Brasil,  Sporozoa,  479 

Bbass,  paraifin,  81,  99 ;  Protozoa,  40, 
477 

Bbaun,  movmting  medium  for  Nema- 
todes, 463;  Turbellaria,  466; 
Zoantharia  and  Alcyonaria,  472 

Brads,  fixation  by  injection,  25 ; 
ova  of  Selachia,  305 ;  liver,  370 

Brazilin,  228 

Bbbcknbb,  double  imbedding,  114 

Brbglia,  nerve  stain,  414 

Brbmeb,  methylen  blue  and  eosin, 
193  ;  Cox's  sublimate  impregna- 
tion, 433 

Bbesslau,  MesostomidsB,  314 

Brillantschwarz,  191 

Bbinkmann,  paraffin  imbedding,  85 

Brisst,  freezing,  117 

Bristol,  bleaching,  30;  Hirudinea, 
460 

Brook,  maceration,  273 
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Bboman,  reconstruction,  291 
Brookovkr,    myelin    stain,  407; 

Golgi  impregnation,  430 
Brown  cement,  250 
Bbown,  flagella,  483 
Brijcke,  Berlin  blue,  262;  digestion, 
277 

Brdel,  embryology  of  Diptera,  310 
Bruhl,  corrosion,  277 
Brdn,  glucose  medium,  240 
Bruno,  mucus  glands,  368 
Brunotti,  gelatin  imbedding,  100 
Brunswick  black,  251 
Bryozoa,  16,  449,  472 ;  statoblasts, 
306 

Bdchner,  accessory  chromosome, 
324 

Budge,  injections,  268 

Buds  of  Ascidians,  306 

BuEHLER,  staining  nerve-cells,  389 

BujOR,  Vcretillum,  472 

BuMPUs,  thyme  oil,  72 ;  celloidin 
sections,  112 

Bdnge,  stain  for  flag«lla,  481 

BuBCHABDT,  E.,  bichromates,  41, 
376  ;  paraffin,  99  ;  fixing  mix- 
tures, 41  ;  pyroligneous  -  acid  - 
carmine,  145 ;  pyroligneous  - 
acid-hismatoxylin,  164 ;  methyl 
green,  170;  serial  sections,  121 ; 
neuroglia,  442 

BuBCKHARDT,  brain  of  Protopterus, 
382 

Burger,  Nemertina,  464 
BuRZTNSKi,  gelatin  imbedding,  101 
Bdsch,  osmic  mixture,  32 ;  nerve- 
stain,  416  ;  eosin,  231 ;  decalcifi- 
cation, 280 ;  glycogen,  320 
Bdssb,  celloidin,  103,  104,  106,  108 
Butschli,  acid  haematoxylin,  163 ; 

iron  haBmatoxylin,  159 
Buzzi,  eleidin,  333 

C. 

Cadb,  gastric  glands,  370 

Cajal,  Ramon  y,  see  Ramon  y  Cajal. 

Cajeput  oil,  72 
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Calberla,  methyl  green,  170  ;  ditto 

and  eosin,  193;  indiilin,  195; 

glycerin  mixture,  242 
Calcium  chloride,  235,  238;  bicliro- 

mate,  41 

Calleja,  picro-indigo-carmine,  230 

Calvet,  Bryozoa,  449 

Cambridge  microtomes,  10,  11 

Camsal,  eamsal  balsam,  247 

Canada  balsam,  index,  235 ;  for  im- 
bedding, 116;  for  mounting,  245, 
246  ;  as  a  cement,  252 

Canfield,  iris,  342 

Caoutchouc  cement,  249,  251 

Capitellidfe,  15,  459 

Capsicum,  extract,  353 

Carazzt,  peroxide  of  sodium,  285 

Carbol  pyronin,  183 

Carbolic  acid,  index,  235  ;  for  clear- 
ing, 73,  111 

Carbolic  fuchsin,  181 

Carbon  sulphide,  refraction,  235  ;  for 
imbedding,  82 

Carbon  tetrachloride,  81,  82 

Carbonic  acid  for  narcotisation,  18 

Carmalum,  144,  146;  with  indigo- 
carmine,  230 

Carmine,  gep-eralities,  141,  142 ; 
analysis,  141 ;  stains  in  general, 
142 ;  formulse  for  stains,  142  et 
seq. ;  aqueous,  142 ;  alcoholic, 
148 — 150 ;  combination  stains, 
229—231 

Carmine  blue,  196 

Carmine  soliitions,  to  neutralise, 
259,  260 

Carminic  acid,  141 

Cabnoy,  cajeput  oil,  72  ;  acetic  al- 
cohol, 55  ;  Congo  red,  191 ;  salt 
solution,  236  ;  tannin  solution, 
239;  cement,  253;  micro- 
chemical  reactions,  319 

Carnoy  and  Lebbun,  ova  of  Am- 
phibia, 300;  ditto  of  Ascaris, 
315  ;  micro-chemistry,  320,  321 

Carpenter,  freezing,  117 ;  section 
grinding,  115 ;  cements  and 
varnishes,  249 
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Carrierb  and  BtiROBR,  ova  of  Chali- 

codoma,  611 
Carter,  injection,  261 
Cartilage,  356—358 
Cassia  oil,  7 1,  235 

CASTELfiARNAu,  DE,  Opliiuridea,  468 
Castle,  ova  of  Ciona,  306 
Castor  oil,  235,  248 
CATOis,methylen  blue  impregnation, 
435 

Cattaneo,  palladium  chloride,  52; 

Protozoa,  477 
Caullery,  Ascidians,  448 
Causard,  injection  of  spiders,  458 
Cau.stic  soda  or  potash,  see  Soda  and 
Potash. 

Cavazzani,  hsematoxylin  and  Saure- 

fuchsin,  232 
Cavalie,  electric  organs,  339 
Cedar-wood  oil,  index,  235 ;  for 
clearing,  70;  imbedding,  81, 
82,  83  ;  for  preserving,  5  ;  for 
mounting,  245;  for  dissecting 
in,  8 

Cell  division,  see  Cytological  me- 
thods. 

Celloidin  imbedding,  102  et  seq.  ; 
generalities,  102,  103;  prelimi- 
nary preparation,  103  ;  celloidin 
bath,  104;  imbedding,  105; 
orientation,  106 ;  hardening, 
106—108;  preserving  blocks,  108; 
fixing  blocks  to  microtome,  109  ; 
cutting,  110 ;  clearing  and 
mounting,  110  ;  the  new  me- 
thod, 112;  Gilson's  rapid,  112; 
the  dry  cutting  method,  113; 
ceUoidin  and  paraffin  method, 
114  ;  injections,  268 
Celloidinum  inelasticiim,  103 
Cells,  paper  for  moimting,  250 
Cells,    study    of,    see  Cytological 

methods. 
Celluloid  injection  mass,  269 
Cement  for  celloidin  blocks,  109 
Cements  and  varnishes,  249  et  seq. 
Central  corpuscles,  centrosomes,  etc., 
158,  325 
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Central  nervous  ayistom,  see  Nervous 
centres  and  Neurological  me- 
thods. 

Cephalopoda,  450 ;  embryology,  307  j 

eyes,  451 
CorcaritB,  466 

Cerebrum,  cerebellum,  see  Neuro- 
logical methods. 

CBBroNTAiNB,  AmpMoxus,  305;  As- 
caris,  316  ;  Lumbricus,  459 

Ckbtbs,  Infusoria,  476,  477 

Cbsaris-Dbmel,  blood,  363 

Cestodes,  464  ;  embryology,  314 

Choetopoda,  458—460 

Chalicodoma,  ova,  611 

Cham  FY,  mitochondria,  328 

Chbatlb,  dehydration  apparatus,  3 

Chemicals,  11 

Chenzinsky,  methylen   blue  and 

eosin,  193 
Chichkoff,  Turbollaria,  407 
Child,  ova  of  fishes,  304 ;  removal 

of  albumen,  289 
Chilesotti,  nerve-stain,  384 
ChiloiJoda,  455 
Chinablau,  196,  405 
China  blue,  196,  405 
Chinolinblaii,  chinolin  blue,  195 
Chitin,  278,  455,  456 
Chiton,  eyes,  452  ;  embryology,  309 
Chloral  hydrate,  for  narcotisation, 

15 ;  preservative  solutions,  238, 

240,  243  ;  for  maceration,  275 
Chlorate  of  potash  for  maceration, 

274 
Chloreton,  15 

Chloride  of  aluminium  carmine,  144 

Chloride  of  calcium,  235,  238 

Chloride  of  copper  fixative,  56 

Chloride  of  gold,  see  Gold  cliloride. 

Chloride  of  iridium,  52 

Chloride  of  magnesium,  narcotisa- 
tion, 17 

Chloride  of  manganese,  237 

Cliloride  of  osmium,  52 

Cliloride  of  iialladium,  for  fixing,  52  ; 
for  staining,  227,  418;  for  do- 
calcifying,  280 
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Chloride  of  platinum,  51 ;  mixtures, 

38,  4.0,  52,  289,  322 
Chloride  of  ruthenium,  227 
Chloride  of  sodium,  see  Salt. 
Chloride  of  vanadium  stain,  435 
Chloride  of  zinc,  53,  381,  436 
Chlorine  for  bleaching,  284 
Chloroform,  for  narcotisation,  14;  for 

clearing,  73  ;  for  imbedding,  81, 

82,  83,  84 
Cholesterin,  333 
Chondriokonts,  328 
Chondriosomes,  328 
Choroid,  285 

Chromate,  neutral,  of  ammonia,  44 
Chroraate  of  lead  impregnation,  227 
Chromate  of  silver,  see  Golgi. 
Chromates,  40 
Chromatin,  reactions,  319 
Chromatin  stains,  defined,  130;  the 

coal-tar,  169 — 181 ;  cytological, 

324 

Chromatophily,  132,  135 

Clirome  hfEmatoxyliu,  166 

Chromic  acid,  generalities,  32  ;  fixing 
with,  32 ;  washing  out,  32 ; 
hardening  with,  34;  action  of 
light,  33 ;  mixtures,  38  et  scq., 
40,  67  ;  for  maceration,  273  ;  for 
decalcification,  280,  283 

Chromidia,  328 

Chromium  fiuoride,  408,  410 

Chromium  sulphate  for  hardening, 
380 

Chromo-acetic  acid,  35 
Chromo-aceto-osmic  acid,  35 — 37 ;  for 

decalcification,  283 
Chromo-formic  acid,  35 
Chromo-formol,  67 
Chromogen,  439 

Chromo-nitric  acid,  39 ;  for  bleaching, 
286 

Chrome  osmic  acid,  35 
Cliromo-picric  acid,  59 
Cliromo-iilatinic  mixture,  40 
Chrome  sublimate,  50 
CiAccio,  C,  sublimate  mixture,  4-8 ; 
fat,  361 


INDEX. 


4.93 


The  numbers  refer  to  the  pages. 


CiACCio,  G.  v.,  gold  method,  222; 
corpuscles  of  Golgi,  341 ;  cornea, 
336 

CiAGLiNSKi,  myelin  stain,  418 
CiECHANOWSKi,  liver,  370 
CUia  of  Infusoria,  475,  477 
Ciliated  epithelium,  453 
CiLiMBAiiis,     mixscle  spindles,'  338; 

elastic  tissue,  348 
Cinnamon  oil,  71,  235 
Cioiia,  17,  306 
Citrate  of  silver,  216 
Cladocera,  313 

Clarke's  spirit-proof  cement,  251 
Clasmatocytes,  351 
Claudius,  vegetal  dyes,  229 
Gleaning  slides  and  covers,  121,  484 
Clearing,  generalities,  5,  68  et  seq  ; 
clearing    agents,    70    et    seq. ; 
practice  of,  69 ;  choice  of  an 
agent,  70 ;    ceUoidin  sections^ 
110;  paraffin  sections,  98 
Clove  oil,  for  minute  dissections,  8, 
71 ;  refractive  index,  235 ;  for 
clearing,  70  ;  for  imbedding,  81 ; 
for  differentiating  stains,  175 
Coal-tar  colours,  169  et  seq  ;  regres- 
sive stainiyg  with,  173  ;  progres- 
sive ditto,  170;  cho     of,  169; 
chromatin     stains,    170 — 1''!  ; 
plasma  stains,  182 
Cobb,  differentiator,  3 
Cocaine,  narcotisation,  16 
Coccidte,  456 
Coccidia,  479 

Cochineal, generalities,  141 ;  aqueous, 
Pabtsch's,  143;  Czokob's,  143; 
Kabl's,  144  ;  alcoholic,  Mayer's, 
150;  iron,  146 

Cochlea,  445—447 

Cob,  Miracidia,  315 

Coelenterata,  470—474 

Coerulein,  194 

CoHNHKiM,  gold  method,  220 
CoLB,  freezing  method,  118 
Coleoptera,  embryology,  3 1 1 
Coles,  paroloin,  248 ;  malaria  para- 
sites, 480 


Collagen,  344 

Collargol,  4O0 

Collin,  Criodrilus,  459 

Collin  and  Luoibn,  intracelhilar 

network,  404 
CoLLiNGB,  pelagic  ova,  305 
Collodion  for  fixing  sections,  123, 

124, 125-128 
Collodion   imbedding,  102  et  seq. ; 

and  see  CeUoidin 
Collodionisation  of  sections,  95,  383 
Colloidal  gold,  401 
Colloxylin,  103 

Colophonium,  for  imbedding,  116 ; 

for  mounting,  246  ;  index,  235  ; 

cement,  252 
Coloiu'-acids,  130 
Colour-bases,  130 
CoLucci,  balsam,  246 
Comalula,  larvse,  469 
Combination  stains,  228    et  seq. ; 

carmine     combinations,     229 ; 

hajmatein  ditto,  231 
Congelation  imbedding  methods,  117 
Congo  red,   191,  385,   418,  474;— 

Corinth,  191 
CoNKLiN,  ova  of  Crepidula,  308 
Connective  tissues,  344  et  seq. 
CoNSBR,  Bryozoa,  449 
Cooling  paraffin,  87 
Copal,  section  method,  115  ;  varnish, 

253 

Copepoda,  454;  embryology,  313 

Copper,  detection  of,  320 

Copper,  sulphate,  43,  303,  473; 
chloride  and  acetati",  56 ;  im- 
pregnation, 227,  437 ;  nitrate,  57, 
67 

Copper  formol,  67 
Copper  hoematoxylin,  167 
Corals,  472 
CDrallin,  181 

CoRi,  narcotisation,  15  ;  cocaine,  16  ; 

keeping  osmic  acid,  28 ;  chromo- 

aceto-osmic  acid,  36 
Cornea,  273,  331,  335 
Corning,  Krolmthal's  impregnation, 

434 ;  medullated  nerve,  405 
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Corpuscles,  tactile,  334;  of  Horbst 
and  (irandry,  334  ;  of  Meiesnor, 
335  ;  of  Golgi,  340 ;  of  Meissner 
and  Krauso,  335 

CoBTi  and  Fkkrara,  pyronin,  183 

Corrosion,  268,  277,  278 

Corrosive  sublimate,  see  Sublimate. 

Cotton  blue,  196 

Coupler's  blue,  195 

Cox,  Nissl's  stain,  387,  389  ;  medul- 
lated  nerve,  405  ;  sublimate  im- 
pregnation, 433 ;  neurofibrils, 
403 

Creasote,  index,  235;  for  clearing, 

73,  111  ;  imbedding,  81 
Ceeighton,  glycogen,  320 
Crepidiila,  308 
Cresyl  violet,  197,  389 
Crinoidea,  469 
Cristatella,  15 

Crustacea,  454  ;  embryology,  31  '3 
Crystal  violet,  197 
Crystalline,  336 

CsOKOB,  cement,  252 ;  bone,  355 ; 

and  see  Czokob. 
Ctenophora,  474 
CuccATi,  soda  carmine,  146 
Cupric  sulphate  for  fixing,  43,  473; 

for  staining,  227 
Curarisation,  317 
CuEEBEi,  toning  bath,  431 
CuESCHMANN,  amyloid  matter,  171 
Cyanin,  195 

Cyanide  of  mercury,  381 
Cybulskt,  gold  impregnations,  225 
Cyclas,  ova,  309 

Cytological  methods,  317  et  seq. ; 
living  cells,  317  ;  fresh  cells, 
318 ;  microehemical  reactions, 
319,  320 ;  fixing  agents,  321 ; 
chromatin  stains,  324 ;  plasma 
stains,  325  ;  granules,  327  ;  cen- 
trosomes,  325 ;  niioleoli,  324 ; 
for  nerve  tissue,  386 

CzoKOE,  cochineal,  143 ;  turpentine 
cement,  253 
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D. 

Daddi,  fat,  352 

Da  Fang,  neuroglia,  441 

Dahlqeen,  sublimate,  51 ;  double 

imbedding,  114 
Dahlia,  180 

Dakin,  injection  of  Acephala,  452 
Damar  (dammar),  gum,  235,  246 
Dantschakopf,  serial  sections,  125 
Davidoff,  ova  of  Dislaplia,  306 

Siphonophora,  473 
Davibs,  injection,  261 
De-alcoholisation,    5,  68    el  seq.  ; 

choice  of  an  agent,  70 
Decalcification,  279 — 283 
Decapoda,  454;  embryology,  313 
Decker,  section-stretcher,  94 
Deeckb,  encephalon,  380,  383 
Deflandeb,  fat  and  lecithin,  351 
Dejeeine,  sections  of  brain,  383 
De  Groot,  serial  sections,  121 ;  iron- 
carmalum,  146;  piero-magnesia 
carmine,  148;  alcoholic  hxma.- 
lum,  165 
Dehydration,  2 — 5 
Dbkhutsen,    silver  impregnation, 
216,  217 ;  bichromate  mixture, 
43  ;  blood,  361,  367 ;  salt  solu- 
tion, 237 
Dblafield,  heematoxylin,  163 
Dblage,  Turbellaria,  466 ;  larvsa  of 

sponges,  475 
Delamaeb,  connective -tissue  stain 
346 

Della  Eosa,  injection,  267 

Della  Vallb,  ova  of  Orchesiia,  313 

Deltapurpiu-in,  191 

Dendt,  Oeonemertes,  464 

Denkeb,  corrosion,  277 

Dbnnb,    parafiin    imbedding,    84 ; 

orientation,  87 
Depigmentation,  284—286 
De  Queevain,  nervous  tissue,  374 
Desilicification,  283 
Db  Vecchi,  celloidin,  105 
De  Witt,  elastic  tissue,  348 
Dkwitz,  injection  of  molluscs,  452 
Dextrin  freezing  mass,  118 
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Differentiation,  optical,  by  fixation, 

20,  22,  37 
Differentiator,  Cobb's,  3  ;  Haswell's, 

3  ;  Cheatle's,  3  ;  Schiiltze's,  4  ; 

Kolster's,  4 
Diffusion  apparatus,  3 
Digestion,  276,  277,  320 
Dimmer,  serial  sections,  124 
Ding  der,  mitocliondria,  330 
DiOMiDOPP,  nervous  tissue,  381 
Diptera,  embryology,  310 
DissE,  stain  for  dentine,  358 
Dissections,  minute,  6,  8 
Dissociation,  methods  of,  270 
Distaplia,  306 

Distoma,  Miracidia,  315 ;  staining 
466 

DoDERLEiN,  Ecbinoidea,  468 
DoQiEL,  methylen  blue,  200,  203, 
205,  207,  209,  210  ;  corpuscles  of 
Herbst  and  Grandry,  334,  392  ; 
corpuscles  of  Krause,  335 ;  cor- 
puscles of  Golgi,  341 ;  ulfactive 
organs,  335 ;  iris,  342 ;  retina, 
444 

DoLBET  &  Co.,  address,  11 
DoLLKEN,  formol  imbedding  method, 

118  ;  soag  imbedding,  100 
Donacia,  ova,  311 

DoNAQGio,  tin  hsematoxylin,   168 ; 
neurofibrils,  402 

Donaldson,  nervoiis  centres,  381 

DosToiEwsKY,  iris,  342 

Double  imbedding,  114 

Double  stains,  see  Stains,  combined. 

Dot  ERE,  Arctiscoida,  458 

Drasch,  gold  impregnation,  220 

Dredw,  eleidin,  333 

Dreteb,  nervous  system  of  Nudi- 
branchiata,  451 

Driessen,  glycogen,  320 

Drost,  epithelium  of  mollusca,  453 

Druenkb,  fixation  by  injection,  25  ; 
osniie  sublimate,  50;  Ehrlioh- 
Biondi  stain,  185 
DuBOSCQ,  blood,  361 ;  Golgi  impreg- 
nation, 428 
DoBBEuiL,  connective  tissue,  345 


DtTERCK,  elastic  tissue,  34S 
DuERDEN,  Actinia),  471 
DuESBBRG,  mitochondria,  328,  330 
Dunham,  celloidin  sections.  111 
Du  Plessis,  Nemertians,  464 
DuRiG,  Golgi's  impregnation,  427 
Duval,  collodion  imbedding,  102, 
103 ;  silver  impregnation,  215, 
217;  carmine  and  anilin  blue, 
230;  embryology  of  birds,  295, 
297 ;  hardening  brain,  380 ;  pur- 
purin,  229 
Dyes,  basic,  acid,  and  neutral,  130 ; 
vegetal,  229 

E. 

Ear,  inner,  445 

Eau  de  Javelle,  278,  285  ;  Eau  do 

Labarraque,  278,  285 
Ebnek,  von,  decalcification,  282 
Echinodermata,  18,  467 — 470 
Echtgriin,  405 

Edinqeb,  liquid  of  Erlicki,  43 ; 
bleaching,  33 

Edington,  blood,  362 

Eggs,  of  fowl,  295  et  seq. ;  and  see 
Bmbryological  methods. 

Ehlers,  fixative,  35 

Ehbenbaum,  section  grinding,  116 

Ehblich,  acid  hematoxylin,  164; 
classification  of  dyes,  132 ;  tri- 
acid  mixture,  187  ;  acidophiloiis 
mixture,  193  ;  mixture  C  (eosino- 
phUous),  193  ;  indulin-aurantia- 
eosin,  193 ;  neutral  red,  191 ; 
methylen  blue,  200,  203  ;  Mast- 
zellen,  350  ;  plasma  cells,  350  ; 
quinolein  blue,  195 ;  eosino- 
philous  cells,  193  ;  blood  films, 
359 

Ehblich  and  Lazarus,  glycoyen, 

320  ;  nevitral  dyes,  131 
Ehrlich-  Hiondi-Heidenhain  stain, 

18  344 

Ehrmann  and  Jadassohn,  plasma 

fibrils,  332 
Eichlbr,  labyrinth,  447 
EiMBB  and  Amend,  address,  11 
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EisATH,  neuroglia,  441 

EiSBN,  iridium  chloride,  52  ;  osmium 
clilorido,  52  ;  Ehrlich  -  Bioudi 
stain,  186 ;  ruthenium  rod,  227  ; 
Brazilin,  228  ;  gum  Thus,  248 

E18BNBEBG,  fat,  353 

Eisia,  alcohol  narcotisation,  15 ; 
Oapitellidse,  15,  459 ;  chromo- 
platinio  mixture,  40 ;  macera- 
tion, 273 

EiSMOND,  quieting  Infusoria,  476 

Ekman,  Brachiopoda,  449 

Elasthsematein,  348 

Elastic  tissue,  344,  346—348 ;  of 
spleen,  371 

Electric  organs,  339 

Electrification  of  paraffin,  97 

Eleidin,  333 

Kllis,  flagella,  482 

Elschnig,  coUoidin,  104 

Embryological  methods,  287  et  seq. ; 
generalities,  287 — 291 ;  Am- 
phibia, 300 ;  Arthropoda,  309— 
313;  Aves,  295-298;  Bryozoa, 
306 ;  Echinodermata,  469  ;  Mam- 
malia, 291—295 ;  Mollusca,  307— 
309  ;  Pisces,  303—306  ;  Poril  era, 
475  ;  Eeptilia,  299  ;  Tuuicata, 
306 ;  Vermes,  314—316 

Emeet,  injection,  267 

Encephalon,  see  Neurological  me- 
thods. 

Engblmann,  isotonic  liquids,  237 ; 

epithelium,  453 
Enbiqubs,  liver  of  Mollusca,  450 
Entire  objects,  preparation  of,  8 
Entz,    orientation,    87;  Protozoa, 

477,  478 

Eosin,  ]  92  ;  with  hajmotoxylin,  231 ; 

with  methyl  green,  193 
Eosin  and  methylen  blue,  193 
Eosinophilous  mixture,  193 
Epeim,  ova,  3 1 2 
Epidermis,  33 1 

Epithelium,  331 ;  renal,  372  ;  ciliated, 

453 

Eppinqbb,  liver,  370 
Ergastoplasm,  327,  328 
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Eehabd,  glycogen,  320 
Eblangkr,  von,  ova  of  Ascaris,  315 
Eblicki,  liquid  of,  43,  378 
Ebmengbm,  van,  stain  for  flagella, 
483 

EiiNST,  horny  tissues,  334 
Ekbbka,  nigrosin,  181 
Erythrosin,  192 

Essences,  see  Oil,  and  Clearing. 
Etebnod,  paraffin  blocks,  89 
Ether,  for  narcotisation,  14,  317  ;  for 

preserving,  5 
Eucain,  16 
Euparal,  247 

EvBBAED,  Dbmoob,  and  Massaet, 
hfEmatoxylin  and  eosin,  232 

EwALD,  capillary  siphon,  4 ;  section- 
washing  apparatus,  4 ;  blood, 
360 

Examination  and  preservation  me- 
dia, watery,  234 — 238 ;  mercurial, 
239  ;  various,  239-241 ;  glycerin, 
241 ;  jellies,  242  ;  resinous,  244- 
248 ;  high  refractive  liquids, 
243,  244 

Exnbb,  medullated  nerve-fibres,  416 
Eyclbshtmbe,  celloidin  imbedding, 

106,  111,  112 
Eyes,  of   Mollusca,  451,  452;  of 
Arthropods,  457 ;  of  Asteroidea, 
468  ;  of  Turbellaria,  467 

F. 

Fabeb-Dombbgue,  syrup,  238 ;  glu- 
cose medium,  240 ;  Protozoa, 
477,  478 

Faiechild,  washing  cylinders,  4 
Fa JBESTA JN,  nerve  -  endings,  335 ; 

hajmatoxyliu  nerve-stain,  436  ; 

Golgi's  nerve-stain,  429  ;  silver 

nerve-stain,  436 
Fano,  neuroglia,  441 
Farrants,  mounting  medium,  239 
Past  blue,  195 
Fast  green,  194 
Fat,  71,  351  ct  seq. 

Fatty  bodies,  blackening  by  osmic 
acid,  352 
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FAORET  PitEMiET,  iiutoclionilria,  475 
Fausskk,  ova  of  Ceplialopoda,  307 
Fecundation,  artificial,  287 
Fedebici,  double  imbedding,  115 
Feist,  methylen    blue,  207,  208; 

spinal  cord,  383 
Pblizat  and  Branca,  thionin,  180 
Febreri,  decalcification,  283 
Ferria,  elastic  tissue,  347 
Ferric  alum,  157 

Ferricyanide  of  potassium  for  bleach- 
ing, 31 

Ferrocyanide  of  copper,  injection, 
259 

Fettponceau,  352 

Fibrin,  stains  for,  367,  368 

FiCK,  Golgi's  impregnation,  430 ; 
kresyl  violet,  197  ;  ova  of  Axo- 
lotl,  301 ;  keratohyalin,  333 

FiBANDT,  neuroglia,  441 

Fiedler,  Spongilla,  474 

Field  and  Martin,  paraffin  imbed- 
ding, 82,  87  ;  double  imbedding, 
114 

FiESSiNGBB,  glycogen,  320 
FiNOTTi,  Marclii's  nerve  stain,  415  , 

myelin,  418  ;  axis-cylinder  stain; 

385 

FisCHBL,  staining,  137, 138  ;  embryos 
of  duck,  297 

Fischer,  A.,  Fixirung,  Pdi  hwig  imd 
Bail  des  Protoplasmas,  21 ;  theory 
of  fixation,  21—24;  ditto  of 
staining,  129  ;  heematein  stains, 
160;  methyl  green,  170,  gly- 
cogen, 320  ;  nucleoli,  325  ; 
Spiegelfiirbung,  326 ;  bioblasts, 
328 

Fischer,  B.,  injection,  268 ;  fuch- 

selin,  safranelin,  348 
Fischer,  E.,    gold    method,  220 ; 

nerve  and  muscle,  338 
Fischer,  H.,  glycerin  jelly,  243 
Fischer,  P.  M.,  soap-imbedding,  for 

Trematodes,  465 
FiscHLBB,  fat,  351,  353 
Fish,  oil  of  thyme,  72;  celloidin 

imbedding,  105, 111,112;  decal- 
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cifioation,  231  ;  hardening  ner- 
vous tissue,  377,381,382;  Golgi's 
impregnation,  427 ;  picro-subli- 
mate,  50 

Fixation,  2,  19,  28  et,  scg. ;  by  injec- 
tion, 373 ;  of  marine  animals, 
26  ;  embryos,  288 

Fixation  images,  21 

Fixation  precipitates,  21 

Fixing  agents,  action  of,  10,  20, 134  ; 
characters  of  the  usual,  22 ; 
choice  of,  for  beginners,  24 ;  the 
various,  28—67;  oytological, 
321 ;  embryological,  288  ;  nerve 
centres,  373,  375 

Flagella,  481 

Flagellata,  481 

Flatau,    hardening    brain,    377 ; 

Golgi's  sublimate  method,  433 
Flattening  sections,  97 
Flbchsio,  gold  method,  222;  nerve- 

stain,  414;  Golgi's  impregnation, 

433 

Flbmmino,  preservation,  5 ;  acetic 
acid,  53  ;  chronio-acetic  acid,  35 ; 
chromo-aceto  osmic,  35  ;  action 
of  bichromate,  40  ;  picro  osiuio 
acid,  59 ;  saf  ranin,  177,  1 78 ; 
dahlia,  180 ;  connective  tissue, 
345;  Orange  method,  189;  epi- 
thelium, 33 1 ;  bone,  356 ;  eyes 
of  Gastropoda,  451 ;  injection  of 
Acephala,  452  ;  nucleoli,  1 94 

Flesch,  cliromo-osmic  acid,  35 ; 
Weigert's  nerve  -  stain,  409  ; 
inner  ear,  447 ;  blood,  360 ; 
mounting  medium,  244 

Flint,  injection,  269 

Florman,  celloidin,  108 

FloscularioB,  16 

Floyd,  ganglia  of  Periplaneta,  457 

Fluorides,  408,  410 

FoA,  fixing  mixtiu-e,  51 ;  staining 
mixture,  232 

FoKTTmaBB,  narcotisation,  1 5 

FoL,  narcotisation,  18  ;  treatment  of 
osmic  material,  30,  31 ;  chromo- 
aceto-osmic  acid,  36  ;  nitric  acid, 

32 
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39 ;  porohloriilo  of  iron,  53 ; 
l)icro-ohromic  acid,  50  ;  vacuum 
iiiibeddintf,  86 ;  serial  sections, 
125  ;  gold  impregnation,  225  ; 
iron  stain,  227  ;  orseillo,  229  ; 
injections,  meta  gelatin,  264 ; 
injections,  eai-mino,  260  ;  injec- 
tions, Berlin  blue,  262 ;  injec- 
tions, brown  and  yellow,  262  ; 
maceration,  272  ;  reconstruction 
of  sections,  291 ;  ova  of  Ascaris, 
315 ;  Tintinnodea,  478  ;  absolute 
alcohol,  61 
Foot  and  Stbobell,  section  cutting, 
93 

Formaldehyde,  63 ;  as  a  mordant, 
176 ;  for  maceration,  272  ;  for 
nervous  tissue,  376 — 378  ;  for  the 
Golgi  impregnation,  427 ;  and 
see  Formol. 

Formalin,  see  Formaldehyde. 

Formalose,  sec  Formaldehyde. 

Formic  acid  carmine,  145 

Formol,  generalities,  63  ;  for  harden 
ing,  63,  64,  376-378  ;  !  or  fixing, 
6  !,  64 ;  mixtures,  05 — 67  ;  for 
hardening  celloidin,  108 ;  as  an 
imbedding  mass,  118  ;  as  a  re- 
ducing agent,  64,  225 ;  as  a 
mordant,  176 ;  for  gelatin  im- 
bedding, 101 ;  for  nerve  centres, 
376 ;  for  the  Golgi  impregna- 
tion, 427 

"  Formol-Muller,"  66,  3S0 

Fowl,  embryology  of,  295—298 

Francotte,  vacuum  imbedding,  86  ; 
section-stretcliei',  94 ;  hsematoxy- 
lin,  159;  ova  of  Polyclads,  314; 
albumen  fixative,  122 

Fbaenkel,  myelin  stain,  414;  gly- 
cogen, 320 

Fbankl,  imbedding  box,  79  ;  injec- 
tion, 258 

Freeborn,  connective  tissue,  344 ; 
nerve  tissue,  384  j  picronigrosin, 
344 

Freezing  section  method,  117,  374 
Frenkbl,  palladium  chloride,  52 
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Fbenzisl,  mercuro-nitrie  mixture,  48 
Freud,  maceration,  275 
VuEY,  H.,  artificial  serum,  238  ;  wliite 

injection,  262 
Fribdbnthal,  injection,  263 ;  fixa- 
tive, 57 

Fbiedlaendbr,  Golgi's  impregna- 
tion, 420;  cupric  sulphate  fixa- 
tion, 473 
Frohlich,  picraminic  acid,  188 
Fuchselin,  348 

Fuchsin,  basic,  130,  181 ;  acid,  130, 
183 

Fuchsin,  carbolic,  181 ;  resorcin,  348 
Fuchsin  S.,  183 

FnHBsrANN,imbedding,  86;  celloidin, 
105 

FuNCir,  honing  knives,  91 
FuRST,  bleaching,  285 
FosAEi,  cartilage,  358 
Foss,  acetone,  63 

a. 

Gad  and  Hbtmans,  polarisation,  417 
Gage,  picric  alcohol,  58 ;  clearing 
mixture,  73  ;  section  -  stretcher, 
94 ;  celloidin  sections,  110,  112, 
126  ;  albumen  fluid,  239 ;  starch 
injection,  268 ;  maceration,  272, 
274,  275  ;  decalcification,  282  ; 
reconstruction,  291 ;  glycogen, 
320 

Galbotti,  iiLlra  vi/am  staining,  137  ; 

neutral  red,  191 
Galesescu,  neuroglia,  442 
Gallein,  414 

Galli,  neiu-oceration,  405 
Gamboge  injection,  206 
Gandolpi,  double  imbedding,  115 
Garbini,  safranin,  178 ;  Alcyonaria, 
472 

Gardiner,  ova  of  Polychoeni.s,  314 
Garlic  water,  123 

Garkibr,  ergastoplasm,  327  ;  picro- 

formol,  05 
Gaskbdl,  gelatin  imbedding,  101 
Gastric  glands,  370 
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Gastropoda,  17,  449  —454  ;  embryo- 
logy, 307 ;  eyes,  451 
Gaudutz,  pyronin,  183 
Gaulb,  fixing  liquid,  47  ;  serial  sec- 
tions, 119 
Gaitltlieria,  oil  of,  72 
Gavazzeni,  ti'ichohyalin,  333 
Gat-Lussac,  table  for  diluting  alco- 
hol, 60 

Geberg,  gold  method,  223 ;  corpuscles 
of  Herbst,  334 

Gebhasot,  crystalline,  336 

Gbdoblst,  digestion,  277 ;  medul- 
lated  nerve,  406 

Gehuch'I'bn,  tan,  acetic  alcohol,  55 ; 
sectioning  nervous  system,  383  ; 
Nissl's  stain,  386,  387;  Golgi's 
impregnation,  423,  428 ;  nerve- 
endings,  447 

Gelatin,  imbedding,  100 ;  freezing 
mass,  118  ;  section  fixative,  12] , 
125 ;  injection  masses,  257 — 264  ; 
injection  masses,  carmine,  259— 
261 ;  injection  masses,  blue,  261, 
262  ;  other  colours,  262  ;  mount- 
ing media,  242,  243 

Gelatin  cement,  250 

Gbmbll},  rejuvenating  mixture,  427  ; 
flageUa,  482 

Gemmation  of  Ascidians,  306 

Gbmmill,  imbedding,  86 

Gentian  blue,  195 

Gentian  violet,  178 

Geopfrot,  gelatin  medium,  243 

Gephyrea,  461 

Gbrhabdt,  embryological  methods, 
299 

Gerlach,  J.,  carmine  injection,  261; 
gold  method,  224 

Gbelach,  L.,  glycerin  jelly,  100; 
embryology  of  birds,  295  ;  nerve- 
endings  in  muscle,  337 

Gb  KOTA,  formol,  64,  378  ;  silver  im- 
pregnation, 217 ;  Golgi's  im- 
pregnation, 428 

Gbrould,  Caudina,  467 

GiACOMO,  guanin,  321 

GiEMSA,  stain,  365,  480 
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Gierke,    impregnation,    213,  227; 
maceration,  273 ;  anilin,  blue- 
black,  384  ;  eosin,  232 
GiBSBEBCHT,  cloariug,  69;  imbedding 
trays,  78;  squares,  79;  paraffin 
imbedding,  83 ;  section  grinding, 
1 17  ;  Copepods,  454 
GiESON,TAN,  origanum  oil,  72 ;  anilin 
oil.  111;  picro-Siiurefuchsin,  188, 
232 ;  Siiuref uohsin  with  htema- 
toxyHn,  232,  385  ;  formalin  for 
nerve-tissue,  377 
GiGLio-Tos,  blood,  363 
Gilbert,  myelin  stain,  407 
GiLSON,  mercuro-nitric  fixing  fluid, 
49;  zinc  chloride  fixing  fliiid, 
53 ;  acetic  alcohol  with  subli- 
mate, 55 ;    nitrate  of  copper, 
57,  67 ;  bleaching  bichromate 
material,  42, 285  ;  rapid  celioidin 
method,  112;  mercurial  examina- 
tion liquid,  239 ;  glycerin  jelly, 
243  ;  sandarac  mounting  media, 
247 

Glands,  368—372 
Glass,  refractive  index,  235 
Glaub,  fixation  of  Ascaris,  463 
Glochidia,  309 

Glucose  mounting  media,  240 
Glue,  marine,  251 

Glycerin  and  alcohol  mixtures,  241 

Glycerin  and  gum,  239,  240 

Glycerin  etlier,  349 

Glycerin  injections,  265,  266 

Glycerin  jellies,  for  imbedding,  100, 
101 ;  for  mounting,  242,  243 

Glycerin,  refractive  index,  235,  241 ; 
mounting  media,241— 243;  extra 
refractive,  241  ;  method  of 
mounting  in,  241,  249,  250 

Glyehaemalum,  162 

Glycogen,  320 

Goadbt's  fliiids,  239 

Goblet-cells,  369 

GoBTTB,  hardening  ova,  303 

Gold  chloride,  impregnations,  218; 
commercial  salts,  219 ;  pre-im- 
prognation,  219 ;  post-improgna- 


500 


INDKX. 


The  numbers  refer  to  the  pages. 


tioiij  219,  224  ;  marine  aniinals, 
225  j  in'eserviug  preparations, 
225  J    and    sec    tlie  names  of 
authors. 
Gold  size,  249,  251 

Gold  toning  baths,  see  Toning  baths. 

Gold,  colloidal,  401 

GoLDMANN,  intra  vitam  stains,  138 

GoLDscHMDBB  and  Flatau,  Nissl's 
stain,  387 

GoLQi,  chromato  of  silver  impregna- 
tion :  introduction,  418 — 421  ; 
slow  process,  421 — 423  ;  rapid 
process,  423—425  ;  mixed  pro- 
cess, 425  ;  variations,  426 — 431 ; 
gold  method,  224;  fixation  by 
injection,  374;  bichromate  and 
sublimate  method,  431 ;  intra- 
cellular net,  403  ;  neuroceratin, 
404 

GoLQi,  corpuscles  of,  340 
GoLLMAN,  intra  vitam  stains,  138 
GoLODBTZ,  fat,  352 
GoLODBTZ  and  Unna,  iron  stain, 

227 ;    manganese    stain,    227 ; 

cholesterin,  333 
GoiiOviN,  hasmatoxylin,  167 
GoLOViNE,  neutral  red,  192 
GoBDON,  stain  for  flagella,  483 
GoBONOWiTSCH,  embryology  of  Sal- 

monidas,  305 
GoTHABD,  Nissl's  stain,  387 
GBABEBa,  stain,  191 
Gbabfk,  solvents  of  paraffin,  81 
Gbaf,  chromic  mixtvire,  35  ;  formol, 

65;  Hirudinea,  460 
Gbait,  von,  Tm-bellaria,  466 
Gbaham,  Trichinaj,  463 
Gbam,  staining  method,  179 
Gbandbt,  corpviscles,  334 
Gband-Moubsbl  and  Tbibonueau, 

pancreas,  370 
Gbandis  and  Mainini,  lime  salts, 

320 

Granule  cells,  349—351 ;  and  sec  Leu- 
cocytes. 
Granules,  327 ' 
Grape-sugar  imbedding,  115 


Graphic  or  plastic  reconstruction, 
289  ;  and  see  Orientation. 

Gbasbb,  staining  methods,  172,  181 

Gbassi,  hajmatonoa,  479 

Gbay,  inner  ear,  447 

Gbeef,  methods  for  the  eye,  442 

GregariniB,  478,  479 

Gbbnachkb,  alum  carmine,  142 ; 
borax-  carmine,  148 ;  hydrochloric 
acid  carmine,  149  ;  haematoxylin, 
163  ;  purpurin,  229  ;  castor  oil 
for  mounting,  248;  bleaching 
mixture,  285  ;  eyes  of  molluscs, 
451 

Gbeppin,  Golgi's  impregnation,  430 
Gbibb,  alum-carmine,  143 
Gbiesbach,  Congo  red,  191 ;  benzo- 

purpurin,  191 ;  Bengal  rose,  192 

iodine  green,  194  ;  elastic  tissue, 

347  ;  blood,  360 
Grinding  sections,  115 
Geonboss,  ova  of  Salamandra,  302 
Gboselj,  Actinida,  nervous  system, 

471 

Gbosseb,  injection,  267 

Gboot,  ub,  serial  sections,  119  ;  iron 

earmalum,  146 
Gbublbb  and  Hollborn,  addi-ess, 

11 ;  anilin  blue-black,  196 ;  salts 

of  gold,  220 
Griinpulver,  170 
Gbunstbin,  bladder  of  frog,  343 
Griinstichblau,  195 
Gbtnpbltt  and  Mbstbbzat,  bleach- 
ing, 285 
Guanin,  detection  of,  321 
GuDDBN,    Pal's    nerve-stain,   411 ; 

Golgi's,  429 
GuDBBNATSCH,  Serial  sections,  121 
GuDQBii,  embryological  methods, 304 
GuEGUBN,  methyl  salicylate,  72 
Guernsey  blue,  195 
GuiEYSSB,  double  stain,  194;  goblet 

cells,  369 
GuiGNKT,  injection,  262 
GuLiCK,  ova  of  Heterakis,  316 
GuLLAND,  serial  sections,  119,  124 ; 

blood,  359,  361,  362  j  formol,  65 
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Gum,  imbedding,  115;  for  freezing, 
117,  118  ;  movinting  media,  239, 
240 ;  injection  mass,  267  ;  muci- 
lage, 118  ;  for  labels,  484 

Gvim  damar,  235,  246 

Gum  sandarac  for  motinting,  243 

Gum  Thus,  248 

GuBwiTSCH,  hffiinatoxylin,  158 

GuTBR,  ova  of  A.mpliibia,  300 

Chjmnotus,  340 

H. 

Hadzi,  Hydroidea,  473 

Habcker,  micro-chemistry  of  the 
cell,  321 ;  Cladocera,  313 

Hoemacalcium,  165 

Hffimalum,  161,  162,  165 

HEemalum  and  indigo-carmine,  230 

Hsemastrontiiim,  165 

Hijemateate  of  ammonia,  154 

Ha3matein,  generalities,  152 — 154  ; 
formulse  for  stains,  155  ct  seq.  : 
and  see  Hematoxylin. 

HEEmatoxylin,  generalities,  152 ;  al- 
coholic stock  solution,  153 ; 
TJnna's  solvition,  162,  164; 
characters  of  alum-hsematoxylin 
stains,  159  ;  formulsB  for  stains, 
155  et  seq. ;  the  iron  compounds, 
15^ — 159  ;  other  compounds,  159 
et  seq. 

Hcematoxylin  and  eosin,  231 ;  and 
picro  -  Siiurefuchsin,  232  ;  and 
safranin,  232 ;  and  Siiurefuchsin, 
232,  385 ;  combination  stains, 
231 

Hsematozoa,  479 
Habnsbl,  liquid  of,  59 
Hahn,  cooling  paraffin,  88 
Hair,  333 

Mallb  and  Born,  celloidin  imbed- 
ding, 106 

Hallbr,  Bela,  maceration,  275 

HamilNN,  Acanthocephali,  462;  As- 
teroidea,  468  ;  Chilopoda,  455 

Hambdrqbb,  ova  of  Argyronela,  313 ; 
salt  solution,  237  ;  injection,  267 

Hamilton,  freezing  method,  117 ; 
hardening  brain,  880 
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HANDV7BB0K,  osmicatod  fat,  352 
Hansen,  hosmatoxylin,  159, 163,  166  ; 
picro  -  siiurefuchsin,  188  ;  iron 
cochineal,  146  ;  eosin,  192 
Hantsch,  glycerin  liquid,  242 
Hardening,  generalities,  26 ;  practice 

of,  27;  nerve-centres,  374 
Hardening  agents,  see  Fixing  agents. 
Hardy,  Eotatoria,  461 
Habi,  mvicin,  368 
Harmbb,  silver  impregnation,  218 
Harris,  hematoxylin,  348 ;  toluidin 
blue,  163,  180,  210;  methylen 
blue,  209 ;  thionin,  210 ;  nerve- 
stain,  414 ;  eucain,  16  ;  elasthse- 
matein,  348 
Habting,  calcium    chloride,    238 ; 
white  injection,  262;  gamboge 
injection,  266 
Habtbt,  artificial  parthenogenesis, 
287 

Haswell,  dehydration  apparatus,  3 ; 

embryology  of  Cestodes,  314 
Hatschek,  Amjihioxus,  305 
Havet,  Distoma,  466;  Metridium, 
471 

Haug,  decalcification,  280,  282,  283  ; 

nerve -stain,  414 
Hatem,  blood,  361 
Heat,  for  killing,  12 
Hbckbet,  ova  of  Trematodes,  315 
Heideoke,  paraffin  imbedding,  85 
Hbidbnhain,  M.,  sublimate  solution, 
47;  paraffin  imbedding,  82,  98; 
serial  sections,  119,  123;  iron- 
hfematoxylin,  157,  326 ;  Ehrlich- 
Biondi    stain,   184,   185,  186; 
Bordeaux  K.,   326;  vanadium 
hsematoxylin,  167  ;  Ccerulein  S., 
194 ;     Blauschwarz,  Brillant- 
schwarz,  191, 196;  "Subtriessig," 
56 ;  glycerin  jeUy,  243  ;  salicylic 
acid,   56 ;   neutral   dyes,  132 ; 
Congo    Corinth,    191 ;  Benzo 
purpurin,  191. 
Hbidbnhain,  R.,  chrome  hsematoxy- 
lin, 160;  Ehrlich-Biondi  stain, 
184 
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HniDEB,  paraffin  sections,  96 
Hkinb,  phosphorus,  320 
Heinkb  and  Ehrbnbaum,  pelagic 
ova,  305 

Hhineich,  connective  tissue,  846 

Held,  sublimate  solution,  48  ;  stain 
for  nerve-cells,  388  ;  iron  htema- 
toxylin,  159;  formol  mixture, 
67  ;  section  cutting,  93 

Edix,  16,  307,  424,  450 

Heller  and  Gumpertz,  meduUated 
nerve,  416 

Hbllt,  fixing  mixture,  51;  serial 
sections,  121 

Henchman,  ova  of  Limax,  308 

Henking,  section  cutting,  96;  em- 
bryology of  Arthropoda,  309, 
310,  312;  examination  liqiiid, 
318 

Hennegtjt,  overstains,  142  ;  section- 
fixing,  120,  123  ;  alum-carmine, 
143 ;  permanganate  method,  176 ; 
embryological  methods,  291 — 
294,  296,  297,  300,  303,  307; 
Protozoa,  476;  re-staining  old 
mounts,  7 

Hennings,  Chilopoda,  455 ;  eyes  of 
Arthropods,  457 

Henocque,  gold  method,  222 

Hebbst,  coi-puscles,  334,  392 ;  Crus- 
tacea, 456 

Hbrla,  stain  for  ova,  172 

Hermann,  platino-aceto-osmic  acid, 
38,  322 ;  safranin  and  gentian 
stain,  179  ;  osmic  acid  and  pyro- 
ligneous  acid  stain,  226;  cyto- 
logical  methods,  326 ;  papilla; 
foliatse,  335 

Herrick,  ova  of  Astams,  313 

Hertvtig,  silver  impregnation,  216, 
218  ;  maceration,  273  ;  Medusffi 
and  Actinice,  273,  473  ;  ova  of 
TrUon,  301 ;  ova  of  Ra7ia,  302 

Heexhbimer,  plasma  fibrils,  332; 
Eresylviolet,  197  ;  fat,  352,  353  ; 
elastic  tissue,  347 

Herzog,  retina,  444 

Heschl,  amyloid  degeneration,  I7l 
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Hesse,   Heteropoda,  452  ;    eye  of 

Peclen,  452 
Hbssebt,  flagella,  483 
Helerakis,  ova,  316 
Heteropoda,  eyes,  451 
Heurck,  van,  mounting  medium, 

244 

Hbtdenrbich,  amber  varnish,  253 
Hbtder,  embryos  of  Arion,  308 
Heymans,  Cephalopoda,  450 
Hbymons,  embryology  of  Blattida, 
311 

H1CK8ON,  Brazilin,  228,  229;  eosin 
and  htematoxylin,  231 ;  macera- 
tion, 276  ;  eyes  of  Musca,  457 

Hill,  A.,  nerve-stain,  413  ;  Golgi's 
impregnation,  425,  428 

Hill,  E.  C,  embryological  method, 
291 

HiNDLE,  Heematozoa,  480 
HippBL,  retina,  444 
HiEOTA,  egg  of  fowl,  298 
Hirudinea,  16,  206,  397,  460 
HiBsCHPBLDER,  Rotifcrs,  461,  462 
HiRSCHLER,  ova  of  Donacia,  311 
His,  nitric  acid  fixation,  39 ;  impreg- 
nation, 213 ;  embryos  of  Sela- 
chia,  305 
HocHSTBTTER,  injection,  268 
HoEHL,  bichromate  and  osmic  acid, 

38 ;  digestion,  277 
HoPER,  hydroxylamin,  16 
HoPBMANN,  E.  H.,  blastoderm  of 

birds,  297 
Hoffmann,  F.  W.,  vacuum  imbed- 
ding, 85 

Hoffmann,  E.  W.,  stain  for  chitin, 

456 ;  orientation,  87 
Hofmann,  K.,  Cercarise,  466 
HoFMANN,  M.,  injection,  267 
Hofmann's  Griin,  194 
Hoggan,    histological    rings,  214; 

iron  stain,  227 ;  silver  nitrate, 

216 

HoLL,  imbedding,  81 

HoLLANDE,    serial    sections,  123 

fixation  of  Tracheata,  455 
Holmes,  ova  of  Platiorbis,  308 
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Holmgren,  fixatives,  56 
Holothm-ioidea,  18,  467 
Homarus,  embryology,  313 
Honing  knives,  91 

Hopewell-Smith,  odontoblasts,  355 
Hopkins,  maceration,  274 
Horn,  333 

HoBNOwsKi,  connective  tissiae,  346 

HosKiNS,  embryological  method,  297 

HousBR,  myelin  stain,  407 

HoTBB,  silver  impregnation,  216; 
gold  impregnation,  222  ;  mount- 
ing medium,  240;  carmine- 
gelatin  injection,  260 ;  blue  gela- 
tin injection,  262  ;  yellow  gela- 
tin injection,  262  ;  green  gelatin 
injection,  262  ;  shellac  injection, 
268 ;  oil-coloiir  injection,  268 ; 
mucin,  368  ;  fixing  mixture,  51 

HoTEB,  jun.,  formol,  64  ;  imbedding, 
80 

Hbdlicka,  hardening  brain,  378 
Htjbbe,  Golgi's  impregnation,  430; 

injection,  269 
Hudson,  Eotifers,  461 
Hyatt,  shellac  imbedding,  115 
Hydra,  16,  202,  472,  473 
Hydrate  of  chloral,  see  Chloral. 
Hydi-ochloric  acid,  for  decalcifica- 
tion, 280,282;  for  maceration,  275 
Hydi'ochloric  acid  alcohol,  62 
Hydrochloric  acid  carmine,  149 
Hydrofluoric  acid,  283,  284 
Hydrogen  peroxide,  for  narcotisation, 

18  ;  for  bleaching,  30,  33,  285 
Hydroidea,  18,  472 
Hydroxylamin,  narcotisation,  16 
Hymenoptera,  311 
Hypertonic  liquids,  236 
Hypochlorite  of  potash,  278,  285 
Hypochlorite  of  soda,  278,  285 

Hyposulphite  fixing  baths,  217,  393, 
398,  400 

Hypotonic  liquids,  236 


Ii)B,  double  imbedding,  114  ;  epithe- 
lium, 331 


laAcusoHi,  liver,  371 

IiJiMA,  embryology  of  Planaria,  314 

Ikeda,  section-fixing,  123 

Ilbebg,  Nissl's  stain,  388 

Imbedding,  defined,  6 ;  small  objects, 
79,  289,  478 

Imbedding  methods,  75  ;  manipula- 
tions, 76  et  seq. ;  trays,  thimbles, 
76;  boxes,  78;  trough,  79;  in 
vawo,  85  ;  paraffin,  81  ct  seq.  ; 
soap,  100,  465;  gelatin,  100; 
celloidin  (collodion),  102 

Immobilisation  of  small  organisms, 
461,  476 

Impregnation  defined,  212 ;  positive 

and  negative,  212  ;  primary  and 

secondary,  212 
Impregnation  methods,  212 ;  silver, 

214—218  ;  gold,  218-225  ;  other 

metals,  226,  227 
Indamin  blue,  385 
Index  of  visibility,  234,  245 
Indian  ink  injection,  267,  458 
Indices  of  refraction,  234,  235 
Indifferent  liquids,  235  el  seq. 
Indigen,  195 
Indigo,  229 

Indigo  carmine,  229;  for  injection, 
266 

Indigo  substitute,  195 
Indophenol,  353 
Indulin,  195 

Indulin-aurantia-eosin,  193 

Infusoria,  475  et  seq. 

Injections,  257  ;  gelatin,  257—264 ; 

other  masses,  264—268  ;  natural, 

269,  459,  460  ;  of  MoUusca,  452  ; 

of  Arthropods,  458;   of  Hiru- 

dinea,  460 
Inner  ear,  445 

Insabato,  connective  tissue,  346 
Insects,  see  Arthropoda. 
Instruments,  9 

Intercellular  bridges  and  canals,  331 
Intestine,  370 

Intracellular  network  of  Golgi,  403, 

404 

Tntra  vilam  staining,  136, 201, 202, 203 
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Inversion  stains,  135 

lodate  of  sodium,  32 

Iodide  of  ijofcassium,  40,  53,  271 

Iodine,  for  removing  sublimate,  4G  ; 
for  fixing,  53 ;  for  liardening, 
379  ;  Luqol's  solution,  53 

Iodine  green,  194 

Iodised  serum,  237,  238  ;  maceration 

in,  271 
Iridium  cliloride,  52 
Iris,  342 

Iron  alum,  fixative,  53 ;  mordant, 
157 

Iron,  ammonio-s\ilphate,  157 

Iron,  detection  of,  320 

Iron,  impregnations,  227 

Iron  perchloride,  see  Percliloride. 

Iron,  pyrogallate,  227 

Iron-Brazilin,  229 

Iron-carmine,  145,  146 

Iron-cochineal,  146 

Iron-liiBmatoxylin,  155—159,  407 

Isotonic  liquids,  235  et  seq. 

IsBAKL,  Elirlich-Biondi  stain,  186 ; 

acidophilous     mixture,     193 ; 

orcein,  229 
IwANZorp,    electric    organs,  340; 

nematocysts,  470;  Holothurids, 

408 

J. 

Jackson,  clearing,  69 
Jacobs,  freezing  mass,  118- 
Jacobt,  bleu  de  Lyon,  195 
Jadebholm,  neurofibrils,  402 
Jabnichen,  Planaria,  407 
Jaqeb,  glycerin  liquid,  242 
J AKiMoviTCH,  silver  impregnation, 
217 

Jandbr,  bleaching,  286 

Janssbns,   iron  hasiuatoxylin,  159; 

bleu  carmine,  196 
Janus  green,  194 

Japanese  section-fixing  method,  123 
Jaquet,  leeches,  460;  Lumbricus, 
459 

Javellb,  can  de,  278,  285 
Jblqeksiha,  anilin  bluo  blaelr,  384 
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JHr.iNKK,  picric  acid,  57  ;  "  Stabilit," 
110 

Jellies,  see  Glycerin. 

Jbnnkr,  blood,  364,  366 

Jennings,  Eotatoria,  314 

Jensen,  Infusoria,  476 

JoEST,  Annelids,  458 

JOHNE,  freezing,  117 

Johnson,  Lindsay,  fixing  mixture, 
38,  54;  cement  for  collodion 
blocks,  109 ;  sunning  metallic 
solutions,  213  ;  gold  impregna- 
tion, 223  ;  retina,  443 

Johnston,  reconstruction,  291 ; 
l^araffin  mass,  99  ;  picronigrosin, 
384 

Johnstone-Lavis,  section  grinding, 
116 

JoLiET,  gum  imbedding,  115 

JoNESOU,  brain  of  bees,  457 

Jobdan,  clearing  agents,  69,  112 ; 
imbedding  box,  79;  imbedding, 
114;  orienting,  87  ;  cutting,  96; 
serial  sections,  125 

JoBiM,  neurofibrils,  401 

Joseph,  silver  impregnation,  213  ;  in- 
jection, 267;  eleidin,  333 

JouBiN,  Nemertians,  464 

Julien,  flagella,  483 

JuLiusBUBQEE,  stain  for  nerve-cells, 
388 

Jung,  K.,  microtomes,  etc,  address, 
10  ;  knife-holders,  93 ;  freezing, 
117 

K. 

Kadyi,  soap  imbedding,  100 ;  nerve- 
stain,  384  ;  hardening  brain,  378 

Kaes,  nerve-stain,  413 

Kaisbe,  sublimate  solution,  45 ;  gly- 
cerin jelly,  100 ;  Bismarck  brown, 
181;  nerve-stains,  384,  412; 
AcanthoceiDhali,  463 

Kalb,  stain  for  Spirochxte,  483 

Kallius,  Golgi's  imjjregnation,  426, 
428,  431 ;  cartilage,  357 

Kaplan,  netu-oceratin,  405 ;  axis 
cylinder  stain,  437  ;  myelin  stain, 
418 
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Kappers,  cooling  paraffin,  88  ;  older- 
berry  stain,  385 

Kappers  and  Ketjen,  nerve-tissue, 
384 

Karawaiew,    Protozoa,   478,  479 ; 

Anohitim,  312 
Kastschenko,  reconstruction,  291 ; 

embryos  of  Raja,  305 
Kato,  glycogen,  320 ;  silver  stain, 

397 

Katz,  inner  ear,  446 
Keibel,  embryology  of  Sus,  294 
Kemp,  blood-platelets,  367 
Kendall,  flagella,  482 
Kent,  fixative,  53 

Kenton,  pliosplio-molybdic  hoema- 
toxylin,  167 ;  Paiiropoda,  455  ; 
brain  of  bees,  457 

Keratohyalin,  333 

Kemscliwarz,  228 

Kerr,  orientation,  86;  serial  sections, 

128 ;  reconstruction,  290 
Kerschner,  gold  method,  221 
Kidney,  372 

Killing,  generalities,  12;  various  pro- 
cesses, 12—18 

King,  ova  of  Bufo,  302 ;  hardening 
brain.  381 

Kinqsburt,  fat,  353 

KiNQSLBT,  ova  of  Limulus,  313 

Kionka,  egg  of  fowl,  298 

KiSHi,  inner  ear,  446 

KiKSHiNOTJTE,  embryology  of  Ara- 
neida,  312  ;  of  Limulus,  313 

KissLiNG,  melting-points  of  j)araffin, 
99 

KizER,  blood,  361 

Klebs,  glycerin  jelly,  100 

Klein,  chromic  acid,  34;  cornea,  335 ; 

intestine,  44 
Kleinbnberq,  picro-sulphiiric  acid, 

58  ;  hasmatoxylin,  164 
Klingmuller  and  Veibl,  sublamin, 

51 

Knifo  position,  89 — 93 
Knife-holders,  92 

Knives,  microtome,  90 ;  honing,  91 
Knowen,  orientation,  87 


Koch,  von,  section  method,  115 

KocKBL,  fibrin,  368 

KoDis,  molybdic  hajmatoxylin,  1 67  ; 

myelin  stain,  407 ;  hardening 

nerve-tissue,  381 
KoEBNBR  and  Fischer,  flagella,  482 
KoPOiD,  embryology  of  Gastropoda, 

308 

Koganbi,  iris,  342 

KoHLBB,  Tiieniaj,  465 

Kohn,  fixing  mixture,  51 

KoLLiKER,  ova  of  rabbit,  292,  294 ; 
bone,  356 

Kollmann,  fixing  ova,  304 

KoLMBR,  epiderm  of  Lumhricus,  392 ; 
fixation,  25  ;  retina,  444 

Kolmeb  and  Wolff,  imbedding,  86 

KoLOSSOW,  osmic  mixtures,  32 ;  gold 
method,  223 ;  osmic  acid  stain, 
227 ;  epithelium,  331 

KoLSTER,  gastric  glands,  370  ;  dehy- 
dration, 4  ;  imbedding,  86 ;  mito- 
chondria, 330 

Koniqstein,  maceration,  275 

KopscH,  embryology  of  SalmonidaB, 
304 ;  Golgi  impregnation,  427 ; 
Golgi  network,  404;  eyes  of  Ce- 
phalopods,  452  ;  blood-plates,  367 

KoROTNEFF,  narcotisatiou,  14 

KoBSCHELT,  embryology  of  Loligo, 
307;  Protozoa,  477 

KossiNSKi,  stain,  195 

KosTANKCKi  and  Siedlecki,  ova  of 
Ascaris,  316  ;  sublimate  mixture 
49 

KosTANECKi  and  Wibrzejski,  ova  of 

PTxi/sa,  309 
KoTLABEwsKT,  ganglion  cells,  381 
KowALBwsKT,  fishcs, embryology,304 
KowALSKi,  neurofibrils,  397 
KozowsKY,  myelin  stain,  412 
Krassuskaja,  injection,  269 
Kbause,  R  ,    Ehrlich-Biondi  stain, 
184;  freezing,   117;  injection, 
261  ;  thiophen  green,  194 ;  liver, 
371 ;  retina,  445 ;  salivary  glands, 
369  ;  coriniscles  of,  335  ;  section 
cutting,  93 
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Kratjss,  silver  impregnation,  217 
Kreasote,  refractive  index,  235 ;  for 

clearing,  73,  111 
Krecker,  cliloreton,  15 
Kresofuclisin,  181 
Kresyl  violet,  197,  333 
Krieqbaum,  washing  apparatus,  4 
Krogh,  Mkntz  von,  stain  for  nervo- 

cells,  387 

Krohnthal,  load  impregnation,  434 
Kromater,    plasma  fibrils,     332 ; 

fibrin  stain,  368 
Kronbckeb's  serum,  237 
Kroniq,  cement,  252 
Kbubger,  embryology  of  Harpactida, 

313 

Kkysinskt,  pliotoxylin,  103 

KuHNB,  H.,  freezing  method,  118 

KuHNE,  W.,  maceration,  274 ;  diges- 
tion, 277 

KuHNT,  retina,  445 

KuKENTHAL,  narcotisation,  16,  459 ; 
blood-vessels,  459 ;  intestine  of 
Zumbricus.  458 

KuLL,  goblet  cells,  369 

EuLTSCHiTZKT,  preservation,  5 ;  fix- 
ing liquids,  43,  44;  double 
imbedding,  114;  tactile  cor- 
puscles, 334  ;  hsematoxylin 
nerve-stain,  412 ;  neuroglia,  442 ; 
elastic  tissue,  371  ;  mucus  cells, 
369 ;  spleen,  371 

KuPEFER,  axis- cylinder  stain,  389; 
liver,  371 

KusKow,  digestion,  277 


Lababraque,  eau  de,  278,285 
Labyrinth,  445 — 447 
Lachi,  formol  for  nerve-tissue,  377 
Lactate  of  silver,  216,  429 
Lactic  acid,  280,  283 
Lactoj)henol,  241 
Lapfont,  keratohyalin,  333 
Lakes,  134 

Lnmellibranchiata,  274,  286,  449- 
454;  embryology,  309;  eyes, 
452 
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Lambert,  ova  o{  Epeira,  312 
Landois,  impregnations,  227;  ma- 
ceration, 272 
Landolt,  retina,  445 
Lang,  liquid  of,  48 ;  Helix,  450 
Langdon,  nervous  system  of  Nereis, 
460 

Lange,  de,  Marchi's  stain,  415 
Langebhans,    mounting  medium, 

240  ;  tactile  corpuscles,  334 
Lankestbb  and  Bouenb,  eyes  of 

Limuhis,  457 
Lansbbrg,  Protozoa,  477 
Larvee  of  Amphibia,  317;  of  sponges, 

475 

Laslbtt,  nerve-stain,  412 
Lattice  fibres,  371 

Laurent,  methylen  blue  and  eosin, 

193  ;  orcein,  229 
Lautebborn,  Protozoa,  79,  478,  481 
Lauth,  violet,  179 
Lavdowskt,  formol  mixture,  65 ; 

chromo-platinic    mixtiure,    40 ; 

bichromate  and  sublimate,  44 ; 

methylen    blue,    206 ;  chloral 

preservative  solution,  238  ;  san- 

darac  for  mounting,  248 ;  cochlea, 

447  ;  maceration,  276 
Lavbban,  blood,  366 ;  bleu  Borrel, 

366 

Law,  teeth,  356 
Lawrence,  glycerin  jelly,  242 
Lead  acetate,  381 
Lead  chromate,  impregnation,  227 
Lead  sulphide,  impregnation,  227, 
434 

Leber,  impregnations,  227 ;  retina, 
443 

Lhbrtjn,  ova  of  Amphibia,  300 
Lecithin,  351 

Lee,  a.  B.,  preservation  of  material, 
5  ;  dissections,  8 ;  lemon-juice  for 
fixing,  13  ;  narcotisation,  17, 18  ; 
keeping  osmic  acid,  28  ;  bleach- 
ing osmic  material,  31 ;  making 
up  chromoaceto-osmic,  36 ;  nitric 
acid  for  fixing,  39;  sublimate 
solution,  45;  picro  acetic  acid, 
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58 ;  f orinol,  64 ;  cedar  oil,  5, 70, 82; 
83 ;  oil  of  turpentine,  72, 81 ;  paraf- 
fin imbedding-,  82,  83;  paraffin 
masses,  98  ;  celloidin  imbedding, 
104,  106,  108,  113  ;  Mayer's  albu- 
men,122,125 ;  serial  sections,119  ; 
stains  recommended,  140,  384 ; 
Ehrlich  -  Biondi  stain,  186  ; 
gentian  and  orange  stain,  190 ; 
neutral  red,  192;  gold  impreg- 
nation, 222,  225 ;  intra  vitam 
staining,  137  ;  iron  -  carmine, 
145 ;  iron-hajmatoxylin,  155, 156 ; 
bleu  de  Lyon,  195 ;  safranin, 
169, 177  ;  stains  for  nerve-tissue, 
384 ;  toluidin  blue,  180  ;  Saure- 
fuchsin,  183 ;  osmic  acid  and 
pyrogallol,  226;  Kernschwarz, 
228 ;  glycerin  liquid,  242  ;  desi- 
lification,  284 ;  cedar  oil  for 
mounting,  245;  paper  cell 
mounting  method,  250;  cyto- 
logical  methods,  318,  321  et  seq. ; 
Alcyonaria,  472 ;  Hirndinea, 
460;  Nemertina,  464;  hardening 
nerve-centres,  377 ;  sponges, 
284,  474  ;  neuro-fibrUs,  391, 
398,  399;  myelin  stain,  407; 
Golgi  iinpregnation,  425 ;  retina, 
442,  444  ;  Pyrosoma,  448 ;  Opis- 
thobrauchiata,  450 
Lbetjwen,  van,  fixation  of  Hexapods, 
455 

Lepevre,  imbedding  trough,  79 
Legal,  picro-ahim  carmine,  145 
Leqendbe,    intracellular  network, 

404 ;  nervous  system  of  Pul- 

monata,  451 
Leqeb,  Sporozoa,  479 
Legros,  silver  impregnation,  217 ; 

Amphioxus,  305 
Lbishman,  stain  for  blood,  366 
Lemon-juice  for  fijcing,  13 
Lemons,  oil  of,  235 
Lendenpbld,  von,  section  cutting, 

93 ;  sponges,  474 
Lbndvai,  honing  knives,  91 
Lbnnhoff  stain  for  nerve-cells,  387 ; 
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mothylen  blue  impregnation, 
436 ;  iron  stain  for  axis  cylin- 
ders, 436 

Lbnhossek,    von,    caaruloin,  194; 
stains  for  nerve-ceUs,  388 ;  Golgi 
method,  424 ;  eyes  of  Cephalo- 
pods,  452  ;  nerves  of  Annelids, 
460 ;    tongue  of  rabbit,  335 ; 
picro  -  sublimate,  50  ;  platino- 
sublimate,  52 
Lennox,  retina,  445 
Lens,  crystalline,  336 
Lbnssen,  Rotatoria;  314,  462 
Leontowitsch,  metliylen  blue,  209 
Lepidoptera,  embryology,  310 
Lepkovtskt,  teeth,  355,  356 
Ledckhabt,  imbedding  boxes,  78 
Levicobases,  202 

Leucocytes,  see  Blood  and  Granules. 
Leutbbt,  lime  salts,  320  . 
Lbvabiti,    blood,    363 ;    stain  for 

Spirochxte,  483 
Levi,  nucleoli  of  nerve-cells,  325 ; 

connective  tissue,  346 
Levulose  for  moiinting,  241 
Lewis,  Bbvan,  anilin  blue-black, 

196,  384  ;  hardening  brain,  379 ; 

staining  ditto,  384 
Lewis,    M.,    nerves    of  Annelids, 
460 

Lewt,  Marchi's  stain,  415 

L'hebmitte  and  Guccione,  neuro- 
glia, 442 

Lichtgriin,  194 

LiBBEKMANN,  Carmine,  141 

LiBBETANZ,  stain  for  flagella,  481 

LiESEGANG,  sections  of  brain,  383  ; 
silver  stain,  398 

Light,  action  on  alcohol  vi'ith  chromic 
material,  33 ;  on  metallic  salts, 
213 

Light  green,  194 

LiLLiE,  embryology  of  Unio,  309 

Umax,  ova,  308 

Lime-water,  272 

Lime  salts,  detection  of,  320 

Limulus,  embryology,  313 

Linaloa,  oil  of,  112 
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Lindsay  Johnson,  see  Johnson. 
Linseod  oil  injection,  268 
LiNTWABBW,  acetone,  63 
Linvillb,  ova  of  Limax,  308 
Liquid  of  Muller,  of   Erlicki,  of 

Merkel,  etc.,  see  the  names  of 

the  respective  authors. 
Liquidambar,  248 

Liquor  ferri  sulphurici  oxidati,  156 
List,  methyl  green  and  eosin,  193 ; 
hasmatoxylin  and  eosin,   231 ; 
goblet-cells,  369  ;  Coccidas.  456  ; 
Actinida,  471 ;  nucleoli,    325 ; 
Mytilidte,  450. 
Lithium  carmine,  147 
Little,  nematocytes,  470 
Liver,  370 ;  of  MoUusca,  450 
Lo  Bianco,  tobacco  narcotisation, 
13  ;   alcohol  narcotisation,  14 ; 
chloral  narcotisation,  15 ;  poi- 
soning method,  17 ;  acetic  acid, 
54  ;    chromo  -  acetic  acid,   35  ; 
chromo-osmic  acid,  35 ;  picro- 
chromic  acid,  59 ;   osmic  acid 
and  bichromate,  37 ;  sublimate 
solution,  45  ;  chromic  sublimate, 
50 ;  acid  alcohol,  62 ;  chromo- 
formol,  67 ;  methods  for  marine 
animals,  448  at  seq. ;  Alcyonaria, 
472  ;  Asteroidea,  468  ;  Brachio- 
poda,  449  ;  Bryozoa,  449 ;  Chasto- 
poda,    459;     Crinoidea,  469; 
Ctenophora,  474 ;  Echinoidea, 
468;  Gastropoda,  450;  Gephyrea, 
461 ;  Holothurioidea,  467  ;  La- 
mellibranchs,  449 ;  Mollusca, 
449,  450 ;  Nematoda,  463  ;  Ne- 
mertina,  464  ;  Ophiuridea,  469 ; 
Protozoa,  478,  479;  Siphono- 
phora,  473 ;   Trematodes,  465  ; 
Tunicata,  448  ;  Zoantharia,  472 
Locke,  salt  solution,  237 
Loot,  embryology  of  Araneida,  312 
L0BV7BNTHAL,  liquid  of  Erlicki,  43  ; 

carmine,  149 
LoEwr,  epidermis,  331 
LoFFLBR,  stain  for  flagella,  481 
LoiSEL,  intra  vitam  staining,  138 ; 
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neutral  red,  191 ;  fat  and  lecithin , 

351,  352 
LoNGHi,  Protozoa,  478 
LoNGwoBTH,  corpuscles  of  Krause, 

335 

LoNNBEBQ,  Trimnophoms,  465 
Looss,   eau   de   Labarraque,   278 ; 

Nematodes,  463  ;  Bilharzia,  465, 
LoBD,  stain  for  nerve-cells,  387 
LowiT,  gold  method,  220;  blood, 

361 

LoYBz,  myelin  stain,  407 
LuGABo,  neurofibrils,  400,  4.02 
LuGOL,  iodine  solution,  53 
LijHB,  Cestodes,  465 
LuiTHLEN  and  Sobgo,  Nissl's  stain, 
387 

Lumbricus,  neurofibrils,  397 ;  epi- 
dermis, 424 ;  killing  and  fixing, 
458,  459 

Lttndvall,  cartilaginous  skeletons, 
358 

Lustgabten,  Victoria  blue,  180,  347 
LuxBNBUBG,  stain  for  nerve-cells, 
388 

Lymphatic  glands,  371 
Lyon,  immobilisation  of  Infusoria, 
476 

Lysol,  for  maceration,  276 
M. 

Maas,  carmine  and  malachite  green, 
231 ;  digestion,  277 ;  larvse  of 
sponges,  475 

Macallum,  carmine  and  indigo-car- 
mine, 230 ;  impregnation,  213  ; 
phosphorus,  320;  copper,  320; 
lime  salts,  320 ;  potassium,  321 

MacBbide,  Ampliiura,  470 

Maceration,  270  ct  seq. ;  of  epithe- 
lium, 331,  453 ;  of  muscle,  342 ; 
of  Actinida,  471 

Macdonald,  imj)regnation  method, 
434 

Magdala  red,  181 
Magenta,  181,  230 
Magenta  S,  183 
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Magini,  zinc  impregnation,  436 
Magnesia-carniino,  14Y 
Magnesiuii),  olilorido  or  sulphate, 
narcotisation,  17  ;  peroxide,  285 
Mahrenthal,  osmic  aoid  stain,  227 
Maibb,  serial  sections,  126 
Malachite  green,  IQl;  231 
Malapterurus,  340 
Malaria-parasites,  479 
Malassez,  salt  solution,  237  . 
Malloby,  eosin  and  methylen  blue, 
193  ;  anilin  blue  and  orange  for 
connective  tissiie,  345  ;  phospho- 
molybdic    hsematoxyliu,    167 ; 
phospho-timgstic  haematoxylin, 
167,    348;    iron  hoeiuatoxylin, 
159  ;  neuroglia,  440,  441 
Mammalia,  embryology,  291 
Manchester  brown,  172 
Manfbbw,  gold  method,  223 
Manganese  chloride,  227,  237 
Mann,  bleaching,  31 ;  celloidin,  104 ; 
chromo-snblimate,    50 ;  picro- 
sublimate,  50,  66 ;  osmio-subli- 
mate,  50 ;  fixing  nerve-centres, 
374,  381  ;  formol  mixtures,  66  ; 
hiBmatein  stain,  164 ;  serial  sec- 
tions, 123;  tohiidin  blue,  180; 
methyl  blue  and  eosin,  196 
Mabcacci,  maceration,  274 
Maboano,  blood,  361 
Mabchi,  corpuscles  of  Golgi,  341 ; 
degenerate  nerves,  415  ;  mucus 
of  Gastropoda,  450 
Maechoux,  formol  mixture,  67 
Mabcus,  formol  for  spinal  cord,  377, 
411 

Mabesch,  connective  tissue,  346 
Marine  animals,  precautions  in  pre- 
paring, 26;  silver  impregnation, 
217  ;  gold  impregnation,  225 
Marine  glue,  251 

Mark,  coUodionising  Sections,  95 ; 

wax  cutter,  291 
Mabk  and  Long,  living  ova,  293 
Mabpmann,  gum  for  labels,  484 
Marsh,  carmine  and  indigo-carmine, 

230;  gelatin  cement,  250 
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Martin,  benzo  -  azurin,   181,  197  ; 
goblet-cells,  369;   injection  of 
tracheaj,  457 
Martinotti,  C,  elastic  tissue,  347, 

348;  Golgi  impregnation,  429 
Martinotti,  G.,  anilin  blue-black, 
384;  picro-nigrosin,  384;  elastic 
tissue,  347 
Maetinotti,  L.,  hEBmatoxylin,  164 ; 
toluidin  blue,  211 ;  eosinophilous 
ceUs,  367 

Martinotti  andEBSEGOTTi,  saf  ranin, 
178 

Mason,  nervous  system  of  reptiles, 
382 

Masson,  connective  tissue,  346 
MastzeUen,  349—351 
Matschinskt,  bone,  355 
Matdszbwski,  Marchi's  stain,  415 
Maurice  and  Schulgin,  bleu  de 

Lyon,  195,  230 
Mawas,  retina,  445 
Maximow,  sublimate  and  bichro- 
mate, 51 ;  serial  sections,  125  ; 
plasma  cells,  351 
Mat  and  Gbubnwald,  blood,  364 
Mayer,  A.  G.,  narcotisation,  17 
Mayer,  P.,  preparing  marine  ani- 
mals, 26 ;  bleaching  osmic  ob- 
jects; 31 ;  washing  out  chromic 
objects,  33  ;  formol,  64 ;  washing 
sublimate  material,  46;  picro- 
sulphuric  acid,  58;  picro-nitric, 
58  ;  picro-hydrochloric,  59 ;  aoid 
alcohol,  62 ;  paraffin  imbedding, 
78,  80,  83,  98;  water-bath,  85, 
88 ;  serial  sections,  water  method, 
119 ;    albumen    method,    122 ; 
section  stretcher,  94 ;  theory  of 
staining,   136 ;    staining  with 
carmine,    141  ;     staining  with 
cochineal,  141;  carmalum,  144; 
aluminium     chloride  carmine 
stain,  144  ;  alum-carmine,  143  ; 
magnesia- carmine,   147  ;  picro- 
carminc,   147 ;  picro-magnesia- 
carmine,  148  ;  paracarmine,  149  ; 
hydrochloric  acid  carmine,  149 ; 
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alcoholic  cochineal,  150  ;  theory 
of  hsBiiiatoxylin  staining,  152, 
153 ;  hajmatein,  154;  hcBmateate 
of  ammonia,  154  ;  bluing  hcema- 
tein  stains,  IGO ;  hajmalnm; 
Kil,  1G2;  glychajmalum,  162; 
Ehrlich's  hiBmatoxylin,  164 ; 
hasinacalcium,  165 ;  methyl 
green,  170;  iodine  green,  194; 
triacid  mixture,  187 ;  carmine 
and  indigo-carmine,  230;  ha3- 
nialnm  and  indigo- carmine,  230; 
mucicarmine,  369 ;  muchsema- 
tein,  369  ;  stain  for  chitin,  456  ; 
decalcification,  281 ;  desilicifica- 
tion,  283;  bleaching,  284,  285; 
injection,  264,  266  ;  mucus,  360 ; 
terpinol,  73;  orientation,  87, 
470  ;  cutting  large  sections,  95  ; 
staining  through  jjarafEn,  122  ; 
double  imbedding,  115  ;  hfema- 
strontium,  165  ;  glycogen,  320  ; 
cartilage,  357  ;  mounting  Plutei, 
470 

MiYEii,  P.,  Andebs,  and  Gibsbeecht, 
section-stretcher,  94 

Mayeb,  p.,  and  Schobbkl,  knife- 
holders,  93 

Mater,  S.,  neutral  red,  192 ;  violet, 
196;  methylen  blue,  205,  207, 
210 ;  cornea,  331 ;  connective 
tissue,  344. 

Maysbl,  Bismarck  brown,  172 

McClube,  nerve-cells  of  Pvilmonata, 
451 

McCBOBiE,night-blue  for  flagella,483 
McFaeland,  fixing  method,  374 
Medulla  ted  nerves,  structui'e,  404 

—406  ;  stains  for,  407—418 
Medusa),  17,  273,  473 
Mehnert,  embryological  methods, 

299 

MeibowsivY,  stain  for  Spirochxtc,  483 
Mbisbnheimeb,      embryology  of 

Jjimax,  308 
Mbibsneb,  corpuscles  of,  335 ;  cooling 

paralRn,  88 
Mkndel  and  Bradley,  zinc,  320 
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Mebcikb,  norvo-stain,  414 
Mercuric  mixtures,  47  et  seq.,  239  ; 

and  sec  Sublimate. 
Mercury,  ))iolilorido,  stu  Sublimate; 

biniodide,  243;  cyanide,  381 
Mebk,  elastic  tissue,  347 
Mbukbl,  chromo-platinic  mixture, 

40 ;  carmine  and  indigo-carmine, 

230 

Mbbkei,  and  Kbausb,  molybdenum 

impregnation,  227 
Mbekbl  and  Schieffbbdbckbb,  cel- 

loidin  imbedding,  102 
Mebton,  eyes  of  Mollusca,  452 
Mebzbacheb,  neuroglia,  442 
Metachromasy,  135 
Metagelatin,  264 

Metallic  salts,  action  of  light  on,  213 

Metallic  stains,  212 

Metcalf,  embryology  of  Ohiton,  309 

Methyl  alcohol,  for  narcotisation,  15  ; 
refractive  index,  235 

Methyl  blue,  196 

Methyl  green,  170 

Methyl  green  and  eosin,  193 

Methyl  mixture,  275 

Methyl  salicylate,  72 

Methyl  violet,  172, 196 ;  test  for,  170 ; 
progressive  stain,  172 ;  regres- 
sive, 181 

Methyl  violet  B,  196 

Methylal,  for  dehydi-ation,  4,  208 

Methylaniliu  green,  170 

Methylanilin  violet,  172 

Methylenazur,  199,  200 

Methylen  blue,  chemistry  of,  199 ; 
uses  of,  200;  for  intra  vitam 
staining,  201 ;  for  central  nervous 
system,  418,  435  ;  for  impregna- 
tion, 203—210  ;  generalities,  199 ; 
staining  nervous  tissue,  203  — 
210,386— 388,414,418,435;  stain- 
ing by  injection  or  immersion, 
204 ;  diffusion  processes,  435  ;  the 
solutions  employed,  204;  pre- 
servation of  the  preparations, 
207—209 ;  imjjregnation  of  epi- 
thelia,  etc,  210 
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Methylon  bins,  polychrome,  199 
Mefcliylon  bluo  and  eosin,  193 
Mothylea  bluo  aud  oi-yfchrosin,  383 
Methylen  red,  199 
Metzner,  toluidiu  bliii;,  181 
Mevks,  liquid  of  Fleiumiug,  35,  36 ; 
imbedding  capsules,  80;  mito- 
chondria, 328,  330;  neuroglia, 
441 

Meyer,  E,  celloidin  sections,  112, 

115 ;  re-staining,  7 
Mkyub,  p.,  Weigert's  myelin  stain, 

411 

Meter,  Semi,  methylen  blue  for 
nerve-centres,  435 ;  Berlin  blue 
stain,  403 

MiBBLLi,  elastic  tissue,  347 

MiCHABLis,  ova  of  Triton,  301 ; 
Janus  green,  194 ;  methylen- 
azvu-,  199  ;  Scliarlach  R,  for  fat, 
352  ;  stain  for  blood,  303  ;  poly- 
chrome methylen  blue,  2U0 

MicuaiijOw,  methylen  blue,  203,  206, 
209 

Micro-chemistry  of  the  cell,  319  et 
seq. 

Microtome  knives,  89—93;  micro- 
tomes, 9 

MiauiiA,  glycerised  serum,  238 

Milk,  injection  mass,  268 

Miller,  caoutchouc  cement,  249, 
251  ;  injection,  262 

MiNCHiN,  sponges,  474  ;  hsematozoa, 
480 

MiNBRViNi,  elastic  tissue,  348 
MiNOAzziNi,  sublimate  mixture,  56 
MiNNiCH,  Pal's  hasmatoxylin,  411 
MiNOT,  microtome,  10;  celloidin  sec- 
tions, 111;  epidermis,  331 
Miracidia,  315 
Mitochondria,  328,  475 
MiTKOPHANOw,  double  imbedding, 
115;  Wasserblau,  196;  nerve- 
stain,  413  ;  blastoderm  of  birds, 
297  ;  epidermis,  331 ;  organs  of 
sixth  sense,  335 
MiTSUKUBi,  embryology  of  tortoise, 
299 
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Monius,  maceration,  274 
MoEBNEB,  cartilage,  357 
MoLESCuoTT,  maceration,  272 
MoLEscHOTT    and    Piso  Bobme, 

maceration,  271 
Mor.LEB,   picro-Silurefuchsin,  189; 

formol  mixture,  66 
Moll,  cartilage,  357 
MoLLisoN,  fat,  353 
MoUusca,  449  et  seq. ;  embryology, 

307-309 
MoUuscoida,  449 

Molybdate  of  ammonium,  impregna- 
tion, 227,  401 
Molybdenum  stains  for  neurofibrils, 
401,  402 ;   toluidiu   blue,  401  ; 
thionin,  402 
Molybdic  hBsmatoxylin,  167 
MoNCKEBEEG  and  Bbthe,  treatment 

of  osmic  material,  31,  285 
MoNDiNO,  meduUated  nerve,  405 
Monobromide  of  naphthalin,  235,  244 
MoNTANABi,  neurofibrils,  402 
MoNTaoMEBT,     Nemei'tiua,     464 ; 

Araneida,  312 ;  nucleoli,  325 
Monti,  A.,  copper  impregnation, 
437 

Monti,  E.  and  L.,  gastric  glands, 
370 

Moore,  V.  A.,  freezing  method,  118 
Mordants,  133  et  seq. 
MoBBADX,  formol  mixture,  66 
MoHBL  and  Bassal,  hasmatoxylin, 
159 

MoBEL  and  Dolebis,  triacid,  187 
MoBGAN,  embryology  of  Amphibia, 

301,  302;  of  Ascidians,  306;  of 

Periplaneta,  309,  311 
Morphia,  as  a  vaso-dilator,  258 
Morton,  flagella,  483 
MosBLEY,  shell,  452 
MossB,   myelin    stain,  417 ;  Nissl 

stain,  389 
Motor  nerve-ondings,  337  et  seq. 
Mounting  in  fluids,  249,  250 
Mounting  media,  see  Examination 

and  Preservation. 
MozEjKO,  injections,  258,  264,  453 
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MuchEBuiatein,  309 
Mucicarmine,  3G9 
Miicicarmiuio  acid,  369 
Mucin,  308—370 

Mucus,  removal  iioiu  Gastropoda, 
450 

Mucus  colls,  308—370,  ibi 
Mucus  glands,  454 
MuiR,  blood,  361 ;  flagella,  483 
MuLLBNix,  inner  ear,  440 
MuLLEB,  C.  F.,  silver  impregnation, 
217 

MuLLEB,  E.,  salivary  glands,  369 
MuLLER,  H.,  solution  of,  42  ;  for 

maceration,  273 
MuLLEB,  J.,  paraffin  imbedding,  85 
MuLLBB,  W.,  injection,  206 
MuLON,  fat,  352 
Mdnson,  cliloral  hydrate,  238 
Muscle,  smooth,  341 ;  striated,  337  ; 

nerve-endings  in,  337 
Muscle  cells,  337 
Mdskens,  salt  solution,  2.j7 
Myelin,  404—406 
Myelin  stains,  407—418 
Myers,  celloidin,  105 ;  serial  sections, 

120  ;  Nissl's  stain,  387 
Myxosporidia,  479 

N. 

Nabias,  E.  de,  nervous  system  of 
Pulmonata,  451 ;  axis  cylinder 
stain,  430 

Nageotte,  freezing  section  method, 
374  ;  myelin  stain,  407,  413 

Nails,  333 

Nakanishi,  blood,  363 
Nansen,  maceration,  273 
Naphtha,  for  imbedding,  82 
Naphthalin,  monobromide  of,  2iJ5, 
244 

Naphthalin  red,  181 
Naphthylamin  brown,  284 
Narcotisation,  13  at  scq. 
Nathusius,  von,  horn,  333 
Natural  injections,  209,  459,  460 
Nbaley,  bone  and  teeth,  355 
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Nbelsbn  and  Schikffbkdecki;ii, 
clearing  agents,  68;  cedar  oil, 
70;  organium  oil,  71  ;  sandal- 
wood oil,  72 

Negative  impregnation,  212 

Nbt^is,  hardening  ganglia,  67,  381 

Nomatocysts,  470 

Nematoda,  278,  463 ;  embryology, 
315 

Nemertina,  464 
NepUelis,  18 

Nephridia,  of  Mistriohdella,  460 
Nerve-cells,  388  et  seq. 
Nerve-endings  in  muscle  and  tendon, 
337 — 341 ;  in  skin  and  others, 
331—330;  and  see  447  and  Methy- 
len     blue     and  Neurological 
methods 
Nerve-fibres,  structure,  389 — 406 
Nervenzellenasquivalentbild,  376 
Nervous  centres  of  ReptUes,  Fishes, 
and  Amphibia,  382  ;  of  Gastro- 
poda, 451 ;  of  Arthroi^ods,  457; 
of  Vermes,  460;    of  Actinida, 
471  ;     and    sec  Neurological 
methods 

Nervous  system,  sec  Neurological 

methods 
Nbsteeoffsky,  gold  method,  222 
Nbttovitoh,  Argulus,  455 
Nettovitch,  fixation  of  Argulw, 

455 

Nbubbhobe,  decalcification,  282 

Nbubbrt,  glycogen,  320 

Nbdkirch,  glycogen,  320 

Neumaybu,  knife-wedges,  92 ;  em- 
bryos of  sheep,  294 ;  reconstruc- 
tion, 291  ;  celloidin,  105 

Neuroceratin,  404 

Nem-o-fibrils,  389—403 

Neiu-oglia,  438 — 442 

Neurological  methods,  373  ;  introduc- 
tion and  general  methods,  373 — 
385  ;  cytological  methods,  386 — 
406;  myelin  stains,  407—  418; 
myelin  and  axis-cylinder  ditto, 
418  ;  axis-cylinder  and  proto- 
plasm ditto,  419—437;  retina. 
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inner  ear,  442 — 447  ;  neuroglia, 
438 

Neutral  chromate  of  ammonia,  44 

"  Neutral "  dyes,  130 

Neutral  red,  191 ;    for  nerve-cells, 

388  ;  for  mucus  cells,  360 
Neutralisation,  260 
Neutrophilous  elements,  132 
Nbuville,  injection,  263 
New  green,  194 

Nicolas,  gelatin  imbedding,  101  ; 
osmic  mixture,  32 ;  ova  of 
Anguis,  300 

NicoLLE,  thionin,  180,  370 

NicoLLE  and  Cantactjzene,  impreg- 
nation, 227 

Nicotin  for  narcotisation,  13 

NiBSSiNG,  fixing  liquids,  322 

NiBTZKT,  hsematein,  152 

Night  blue,  483 

Nigrosin,  as  a  chromatin  stain,  181 ; 
as  a  plasma  stain,  195  ;  for  nerve- 
tissue,  384 

NiKiFOEow,  clearing  mixture.  111 

Nile  blue,  353 

NiLssON,  alizarin  stain,  198 

NissL,  stain  for  nerve-cells,  386; 
hard;3ning  nerve-cells,  376,  379  ; 
iEquivalentbild,  376  ;  Marclii's 
nerve  stain,  415 ;  Congo  red 
myelin  stain,  418 

Nissl  bodies,  386 

Nitrate  of  copper,  57 

Nitrate  of  silver  impregnation,  214 — 
218 ;  generalities,  214 ;  solu- 
tions, 215 ;  redaction,  216 ;  fixa- 
tion, 217;  marine  animals,  217  ; 
injections,  262,  263 ;  vulcanite 
rings  for,  214;  and  see  Neuro- 
logical methods.  Connective 
tissues,  etc. 

Nitric  acid,  for  fixing  and  hardening, 
39,  67,  381 ;  for  maceration, 
274 ;  for  corrosion,  278  ;  for 
decalcification,  280, 281, 282  ;  for 
bleaching,  286 

Nitrite,  of  amyl,  258 ;  of  silver,  428 

NoACK,  orientation,  89 
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NocHT,  methylen  blue  and  red,  199 
Noll,  corrosion,  278 ;  spicules,  475 
NoEDMANN,  plasma  cells,  349 
Normal  salt  solution,  236 
NoBRrs  and  Shakespkahe,  carmine 

and  indigo-carmine,  230 
Novf  AK,  -water-bath,  97 ;  fixing  mix- 
ture, 66 

NowiK,  corpuscles  of  Herbst,  334 
Nuclear  stains,  130;  with  coal-tar 

dyes,  169 
Nuclei,  see  Cytological  methods. 
Nuclein,  reactions,  319 
Nucleoli,  194,  324 
NusBAUM,  serial  sections,  12  L 
NuTTALL,  Cooper  and  Robinson, 

Tracheata,  455 

O. 

Obeesteinee,  hardening  nerve- 
centres,  378,  379 

Obebgia,  serial  sections,  124,  128; 
Golgi's  impregnation,  430 

Obst,  nucleoli,  324 

Odbnius,  maceration,  275 

Odibe,  Golgi  impregnation,  427 

Ohlmachbr,  sublimate  alcohol,  48, 
381 ;  section  fixing,  123 ;  mordant- 
ing with  formalin,  176;  safranin 
artefacts,  178;  picro-Saurefuch- 
sin,  188 ;  myeUn  stain,  418 

Oil,  of  aniseed,  118,  235 ;  bergamot, 
71,  81 ;  anilin,  73,  235 ;  cassia, 
71,  235 ;  cajeput,  72  ;  cedar,  5,  8, 
70,  81,  82,  83,  235  ;  cinnamon,  71, 
235;  cloves,  8,  70,  81,  235; 
lemons,  235 ;  origanum,  71 ; 
sandle-wood,  72 ;  thyme,  72 ; 
turpentine,  72,  81,  235,  247; 
olive,  235  ;  Hnaloa,  112 

Okajima,  fat,  353 

Olfactive  organs,  335,  447 

Olive  oil,  refraction,  235 

Olt,  freezing  method,  117 

Opal  blue,  195 

Ophiuridea,  468 

Oppel,  liver  and  spleen,  370,  371 
Oppitz,  silver  impregnation,  217 

38 
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Optical  differentiation,  20,  22,  37 
Orange  G,  184,'.187,  189 
Orcein,  Israel's  method,  229 ;  Unna's, 
345,  347 

Orcein-Wasserblau  mixture,  334 
Orcliella,  229 

Orientation,  in  paraffin,  86,  87 ;  in 
celloidin,  106 ;  of  blocks,  88 ;  of 
ova,  297 

Origaniim  oil,  71 

Obb,  Marclii's  nerve-stain,  415,  417 
OrseiUe,  229 

Oeth,  "  Formol-Miiller,"  66,  380; 
lithium  carmine,  147 

Orthoptera,  embryology,  611 

Osmicacid,  generalities,  28,  31  ;  how 
to  keep,  28  ;  regeneration  of,  29  ; 
fixation  with,  29;  after-treat- 
ment, 30 ;  characters  of  the  fixa- 
tion, 31 ;  blackening  of  fat,  352 ; 
mixtiires,  31,  35  et  seq.  ;  sub- 
limate mixtures,  50 ;  ijicric 
mixtures,  59  ;  stains  mth  pyro- 
gallol,  pyroligneous  acid  or  tan- 
nin, 226  ;  for  hardening,  381 ; 
stains  for  medullated  nerve,  416, 
417  ;  for  maceration,  273 

Osmic-bichromic  mixtures,  37,  38 

Osmio-siiblimate  mixtures,  50 

Osmium  haematoxylin,  168 

Osmium,  see  Osmic  acid. 

Osmium-carmine,  466 

Osmium  chloride,  52 

Osmosis,  to  avoid,  3 

OsTBBGBEN,  cther-watcr,  15  ;  Nemer- 
tians,  464  ;  Dendroccelum,  467  ; 
Synapta,  467 

Ostracoda,  454 

Obocyst  of  Mysis,  456 

Ova,  see  Embryological  methods. 

Ovens,  85 

OvBETON,  bleaching,  30,  33;  fixing 
with  iodine,  53  ;  fixing  Algee,  44 
OviATT  and  Saegbnt,  injecting,  258 
Oxalic  acid,  for  maceration,  275 
Oxycliloride  of  ruthenium,  227 
Oxygenated  water,  for  narcotisation, 
18  ;  for  bleaching,  30,  285 


Pacaut,  picro-sublimate,  50 
Pacini,  preservative  liquids,  239 
Pal,  nerve-stain,  411 ;  Golgi's  subli- 
mate method,  433 
Paladino,  nerve-stain,  418 
Palladium  chloride,  for  fixing,  52 ; 
staining,  227,  418  ;  decalcifying, 
280 

Palladium  chloride,  52,  227,  280, 
418 

Pancreas,  370 

Pancreatin  digestion  fluid,  276.  277 

Paneth,  goblet-ceUs,  369 

Panoptic  stain,  363 

Pansch,  starch  injection,  268 

Paper  cell  mounting  method,  250 

Paper  trays  and  thimbles,  77,  78 

Papillae  foliatse,  335 

Pappbnhbim,  plasma  cells,  349,  351 ; 
panoptic  stain,  363 ;  blood-plates, 
367  ;  chemistry  of  staining,  129 ; 
neutral  dyes,  132;  methyl  green 
and  pyronin,  183,  350 ;  haBmo- 
poietic  tissues,  366 ;  sublimate 
fixative,  48 

Paracarmine,  149 

Paraffin,  for  preserving  material,  5  ; 
solvents  of,  81,  82 ;  imbedding 
in,  81 — 87,  orienting  in,  86 ;  cut- 
ting, 88— 96;  ribbons,  96;  coat- 
ing blocks  of,  97 ;  electrification 
of,  97  ;  masses  recommended,  98 ; 
moimting  sections,  98 ;  ascertain- 
ment of  melting  point,  99 ;  over- 
heated, 99 ;  cement,  250,  252 

Paraffimim  liquidiim,  235 

Pabavicini,  neurofibrils,  402 

Paris  violet,  172 

Pabkbb,  dehydration,  4;  methylen 
blue,  208;  tiu-pentine  cement, 
252;  bleaching,  286;  eyes  of 
Arthropods,  457 

Paekbb  and  Flotd,  formol  for 
brain,  377 

Parma  blue,  195 

Parolein,  248 

Parthenogenesis,  287 
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Partsch,  cocliineal,  143  ;  decalcifica- 
tion, 282 

PASSAiiGE    and    Keosing,  elastic 

tissue,  348 
Patbllani,  liaematoxylin,  167 
Paton,  embryological  method,  296 

neurofibrils,  400 
Patten,  orientation  in  paraffin,  86  ; 

embryology  of  Blattida,  311 ; 

eyes  of  Lamellibranohs,  452 

maceration  of  Mullusca,  453 
Patterson,  ova  of  Columla,  297 
Paui'opoda,  455 

Pavlow,  celloidin,  104 ;  Pal's  nerve- 
stain,  412 
Pedicellariffi,  468 
Pbabodt,  corrosion,  278 
Peirce,  labelling  slides,  484 
Pekblhahing,  glycogen,  320 
Pelagic  ova,  305 
Pelletierin,  450 

Pensa,  reconstruction,  290 ;  mito- 
ebondria,  330 

Pentacrinus,  470 

Peppleb,  flagella,  482 

Pepsin  digestion  fluids,  276 

Perchloride  of  iron,  for  fixing,  53  ; 
for  staining,  227 

PBEEMEscHK0,larvs8  of  Ampbibia,318 

Perenti,  chromo-nitric  acid,  39,  300 

Peeez,  pupse  of  Diptera,  310 

Periplaneta,  embryology,  309,  311 

Permanganate  of  potash,  for  bleach- 
ing, 30,  285 ;  for  mordanting, 
176 ;  for  maceration,  273 

Peroxide  of  hydrogen,  for  narcotisa- 
tion, 18 ;  for  bleaching,  30,  285 

Peroxide  of  magnesium,  285 

Peroxide  of  sodium,  285 

Peeeiee,  Lumhricus,  458 

Petee,  orienting,  87  ;  iron  cochineal, 
146  ;  reconstruction,  291 

Petroleum-ether,  81,  82 

Pbteonb,  medullatod  nerve,  405 

PETEUiNKEveiTSCH,  fixing  liquid,  49  ; 
ova  of  Hymenoptera,  611 

Pfeipfbb  von  Wbllheim,  iron-car- 
mine, 145 
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Ppisteb,  hardening  nerve-centres, 
376 

Pfitzbe,  picro-nigrosin,  195 
Ppitzner,  safranin,  177 ;  Protozoa, 
477 

Phalangida,  embryology,  312 
Phenicienne,  La,  172 
Phenol  sublimate,  48 
Phenylen  brown,  172 
Philippson,  epidermis,  331 
Phloroglncin,  283 
Phloxin,  192 

Phospho-molybdic  hsematoxylin,  167 
Phosphoric  acid,  280,  283 
Phosphorus,  detection  of,  320 
Phospho-tungstic  hsBmatoxylin,  167 
Photoxylin  for  imbedding,  102,  103  ; 

for  injection,  269 
Physa,  ova,  309 

Physiological  salt  solution,  236 
PiANBSB,  formic  acid  carmine,  145 
methylen  blue  and  eosin,  193 
carmine  and  picro-nigrosin,  231 
Saurefuchsin,  187 
Piazza,  ripening  hsematoxylin,  153 
Pici-ate  of  ammonia,  130 
Picrate  of  silver,  216 
Picric  acid,  57  ;  washing  out,  57  ;  as 
a  plasma  stain,  187  ;  for  decalci- 
fication, 280,  283 
Picric  alcohol,  58,  275 
Picro-acetic  acid,  58 
Picro-alum-carmine,  145 
Picro-carmine,  147,  148 
Picro-chromic  acid,  59 
Picro-formol,  65 
Picro-hydrochloric  acid,  59,  283 
Picro-indigo-carmine,  230 
Picro-magnesia-carmine,  148 
Picro-nigrosin,  195,  231,  344,  384 
Pioro-nitric  acid,  58,  283 
Picro-nitro-chromic  acid,  59 
Picro-osmic  acid,  59 
Picro-platinic  mixtures,  59,  66,  289 
Picro- Saurefuchsin,  188,  344;  with 

hcematoxylin,  232 
Picro-subliinate  mixtures,  49 
Picro-sulphuric  acid,  58 

33§ 
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PiCTET,  examination  liquid,  237 
Pigment,  removal  of,  456,  457 ;  and 

see  Bleaching. 
Pigment  spots,  artificial,  43,  381 
PiNTNEB,  Tasniffi,  405;  osmic  acid, 

28 

Pisces,  embryology,  303 

PiSENTi,  alum-carmine,  143 

PiTPiBLD,  flagella,  482 

PizON,  gemmation  of  Ascidians,  306 

Planaria,  466,  467  ;  embryology,  314 

Planorhis,  embryology,  308 

Plasma  cells,  349— 351 

Plasma  fibrils,  332 

Plasma  stains,  defined,   130 ;  the 

coal-tar,  182  ;  cytological,  325— 

330 

Plastic  reconstruction  of  sections, 
290 

Platino-aceto-osmic  acid,  38 
Platino-sublimate  mixtui-es,  52 
Platinum  chloride,  51 ;  mixtures,  38 ; 

40,  52,  289,  322 
Platneb,  medullated  nerve,  53,  405  ; 

Kernsohwarz,  228 
Plbcnic,  imbedding,  82 
Pleschko,  methyleu  blue,  208 
Plhssis,  Dtj,  see  Du  Plessis. 
Pluteus,  150,  469 

PoDWTSSOZKi,  fixing  mixture,  36 ; 

safranin,  178 
Poisoning,  17  et  seq. 
PoLAiLLON,  iron  impregnation,  227 
Polarisation,  for  myelin,  417 
PoLicABD,  Trypanosomes,  480 
Police,  htematoxylin,  167 
PoLiTZEB,  inner  ear,  445 
PoLTJMOBDWiNow,  stain  for  nerve- 
cells,  388 
Polychoerus  ova,  314 
Polychrome  toluidin  blue,  211 
Polychrome  mythylen  blue,  199 
PoLZAM,  soap  imbedding,  100 
Popow,  neuroglia,  442 
Porifera,  474,  475 
Positive  impregnation,  212 
Peso,  paraffin  imbedding,  85,  383 
Post-impregnation,  219,  224 
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Potash,  for  maceration,  272 ;  for 
corrosion,  278;  acetate  of,  see 
Acetate ;  bichromate  of,  see  Bi- 
chromate ;  hypochlorite  of,  see 
Hypochlorite  ;  permanganate  of, 
see  Permanganate. 
Potassium,  detection  of,  321 
Potassium  bichromate,  see  Bichro- 
mate. 

Potassium  feiTicyanide,  for  bleach- 
ing, 31 

Potassium  permanganate,  for  bleach- 
ing, 30,  285  ;  as  a  mordant,  176 ; 
for  maceration,  273 

Potter,  myelin  stain,  412 

PoucHET,  bleaching,  285 

Pbanteb,  imbedding,  82;  elastic 
tissue,  347,  348 

Pre-imjiregnation,  219,  220 

Prenant,  safranin,  178, 194 ;  cochlea, 
446;  trgastoijlasm,  327  ;  micro- 
chemistry,  321;  mitochondria, 
329 

Preservation  of  material,  4 
Preservative  media,  see  Examination 

and  Preservation. 
Pbeteb,  star-fishes,  14 
Prickle-cells,  331 
Primerose,  192 

Pbingle,  vacuum  imbedding,  86 
Peitchaed,  chromic  acid  mixture, 
34  ;  reducing  liquid,  222  ;  coch- 
lea, 447 

Progressive  staining,  138,  169 — 173 
Protargol,  216 
Protozoa,  474. — 483 
Peovtazek,  neutral  red,  192 
Pbddden,  hsematoxylin,  163 
Prussian  blue,  impregnation,  227 ; 

injections,  259,  261,  262,  265, 

266  ;  soluble,  261,  262 
Pezesmtcki,  Protozoa,  477,  479 
PuitcELL,  eyes  of  Phalangida,  457; 

ova  of  Atta,  312 
Pui-purin,  229 
Pusatebi,  silver  stain,  397 
Pyridin,  62 

Pyrogallate  of  iron  stain,  227 
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Pyrogallate  of  osiuiixm  stain,  226 
Pyroligneous  acid,  280J 
Pyroligneous  acid  carmine,  145 
Pyroligneons  acid  litematoxylin,  164 
Pyronin,  183,  lyO,  350 
Pyrosin,  192 
Pyrosoma,  462 
Pyroxylin,  105 

Q. 

QuBBVAiN,  DE,  fixation  of  nervoiis 

tissue,  374 
Quieting  Infusoria,  etc.,  461,  476 
Quinolein  blue,  195 

E. 

Eaadt,  blood  parasites,  366 

Eabbit,  embryology^  291 — 294 

Eabl,  chromo-f  ormic  acid,  35  ;  picro- 
subliniate,  49 ;  platinum-sub- 
Umate,  52  ;  platinum  chloride, 
52,  289;  paraffin  sections,  96, 
98 ;  cochineal,  144 ;  hematoxylin 
and  safranin,  232;  embryologi- 
cal  methods,  289,  302,  304; 
horny  tissues,  333  ;  crystalline, 
336  ;  section  fixing,  123 

EABL-EiicfcHAHD,  embryology  of  Sal- 
monidee,  304 

Eacovitza,  mucus  glands,  454 

Eaitaelk,  pelagic  ova,  305 

Raja,  305,  340 

Eamon  y  Cajal,  picro-Saiu-efuchsin, 
188  ;  picro-indigo  -  carmine,  230, 
344 ;  nerve-endings  in  muscle, 
338;  stain  for  nerve-cells,  388; 
Golgi  impregnation,  426,  428, 
429;  metliylen  blue,  435 ;  retina, 
■444;  connective  tissue,  344; 
neurofibrils,  390—398 ;  myelin 
stain,  416;  gold  impregnation, 
436 

Rana,  embryology,  302 
Eandolph,  chloreton,  15 
Eansom,  Cestodes,  465 
Eanvieb,  osmic  acid,  31 ;  chromic 
acid,  34;  one-third  alcohol,  62; 
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absolute  alcohol,  62  ;  ammonia- 
carmine,  146 ;  picro-carruine, 
147  ;  quinolein  blue,  195  ;  pur- 
pm-in,  229 ;  impregnation,  secon- 
dary, 213  ;  impregnation,  with 
silver,  214,  215 ;  with  gold  and 
formic  acid,  221 ;  with  gold  and 
lemon-juice,  221 ;  after  blacken- 
ing of  gold,  225;  iodised  serum, 
237 ;  injections,  carmine,  259  ; 
injections,  Prussian  blue,  261, 
266 ;  impregnation  injections, 
263  ;  maceration,  271,  273,  275  . 
decalcification,  282 ;  tactile 
corpuscles,  334;  cornea,  335, 
336 ;  nerve  and  muscle,  338 ; 
plasma  fibrils,  333;  corpuscles 
of  Golgi,  340 ;  bladder  of  frog, 
343 ;  medullated  nerve,  416 ; 
electric  organs,  339  ;  retina,  443, 
445  ;  areolar  tissue,  345 ;  eleidin, 
333;  clasmatocytes,  351;  bone, 
353  ;  cochlea,  446  ;  glands,  371 

Eawitz,  picro  nitro-chromic  acid,  59 ; 
piero-nitro-osmic  acid,  59 ; 
carmalum,  144 ;  inversion  stains, 
197 ;  artificial  alizarin,  197 ; 
bleaching,  286 ;  mucicarminic 
a«id,  369 ;  eyes  of  Lamelli- 
branchs,  452;  phospho-tungstie 
fixative,  39;  cochineal,  144; 
glychaemalum,  163 ;  coerulein, 
194  ;  osmium  stain,  226  ;  harden- 
ing brain,  380 ;  stains  for  nerve 
centres,  385 

Eeagents,  11 

Eecklinghausen,  silver  impregna- 
tion, 215,  216 

Eeconstruction,  from  sections,  289  ; 
and  see  Orientation. 

Ebdding,  gold  impregnations,  225 

Ebddingius,  nucleoli,  325 

Ebdbnbaugh,  narcotisation,  17 

Eefraction,  indices  of,  235 ;  of  proto- 
plasm, 20,  234 

Ebqaud,  silver  impregnation  ;  216  ; 
hD3matoxylin  stain,  232  ;  mito- 
chondria, 328  ;  myelin  stain,  4-07 
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Eegaud  and  Ddbbbuil,  protargol, 
216 

Eegressive  staining,  139 ;  with  tar 
colours,  general  directions,  173 — 
176,  180 

Ebhm,    benzin    coloplionium,  246  '• 

stains  for  nerve- cells,  387 
Ebichenbach,  ova  of  Astacus,  313 
Ebichebt,  microtome,  10 
Eeinhold  Giltat,  microtome,  11 
Eeinkb,  gentian  and  orange  stain, 
190;  lysol,  276;  horny  tissue, 
333 

Ebjseic,  corrosion,  277 
Eejuvenation  of  Golgi  material,  426 
Ebmak,  hardening  ova,  303 
Eemounting,  7 

Eenaut,  heematoxylin  and  eosin, 
232  ;  silver  staining,  216  ;  cornea, 
336 ;  mitochondi-ia,  330 

Eeptilia,  embryology,  299 ;  nervous 
centres,  382 

Eesegotti,  staining  by  substitution, 
175;  safranin,  178 

Eesins  and  balsams,  244 

Eesorcin,  imbedding  method,  118 

Eesorcin  fuchsin,  348 

Ee-staining  old  mounts,  7 

Eetina,  19,442-445 

Eettbbee,  embryology  of  rabbit, 
293  ;  bichromate  sublimate,  51  j 
tendon,  340  ;  smooth  muscle,  342 

Bbttbebb  and  Lblievbe,  muscle  and 
tendon,  340 

Ebttebeb  and  Zbllnbb,  natural  in- 
jections, 269 

Eetzius,  methylen  blue,  205,  207 

Eezzonico,  medullated  nerve,  404 

Ehabdites,  466 

Bhopalxa,  17 

Ehumblbb.  paraffin  imbedding,  79 ; 

methyl  green  and  eosin,  193 
EiBBEET,  phospho-molybdic  hsema- 

toxylin,  167 
Eibbon,  section-cutting,  92,  96 
Eichabds,  narcotisation,  16 
EiEDEB,  fat,  352 
Eingeb's  solution,  236 
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Einging  wet  mounts,  249,  250,  252 

EiPAET  and  Petit's  liquid,  56,  318 

Eipening  of  haematoxylLn,  152 — 154 

EiTTBB,  Ascidians,  306 

Eobeet,  Aplysia,  450 

EoBBETSON,  imbedding  method,  115  ; 
nerve-stains,  414, 417  ;  platinum, 
'  impregnation,  434 

EoBiN,  injections,  258,  259,  262; 
natiu'al  injections,  269 

EoBiNSKi,  silver  impregnation,  215 ; 
crystalline,  336 

EocHON-DuviGNEAtiD,  retina,  443 

EoDiN,  salt  solutions,  237 

EoESSLB  and  Toshlda,  lymphatic 
glands,  371 

EoLLETT,  freezing  method,  118 ;  cor- 
nea, 273,  336 

EoMANOWSKY,  stain,  364,  480 

EoosEVBLT,  pyrogallate  of  iron, 
227 

EosE,  bone,  354 
Eose  B  a  I'eau,  192 
Eose  de  naphthaline,  181 
Eosein,  181 

EosBNSTADT,   plasma    fibrils,   332 ; 

eyes  of  Decapods,  458 
EosBNTHAi,  fat,  352 
Eosin,  "  neutral "  dyes,  131,  193  . 

neutral  red,  191,  389 
Eoss,  blood,  363 

Eossi,  nerve  stain,  414 ;  blood,  360 ; 

flagella,  482 
EossoLiMow  and  Busch,  nerve-stain, 

417 

Eotatoria,  461,  472;  embryology, 
314 

Eoth  aus  Methylenblau,  199 
EoTHiG,  Kresofuehsin,  181 ;  stains 

for  nervous  tissue,  385 
EouGET,  methylen  blue,  205 ;  sQver 

impregnation,  216,  217 
EoussBAu,  decalcification,  279,  356; 

desiHcification,    284 ;  sponges, 

474 

EoussELET,  cements,  250,  251 ; 
aqueous  mounts,  250 ;  Eotatoria, 
461 
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RuBAscHKiN,  neuroglia,  440;  serial 

sections,  125 
Eubin,  basic,  181 ;  "  acid,"  Eubin  S, 

183 

Rubinstein,  blood,  359 
RtrPFiNi,  corpuscles  of  Grolgi,  341 
RuppRicHT,  serial  sections,  124,  125 
RupEECHT,  bone,  355 
Rtrsso,  Ophiothrix,  469 
Ruthenium,  impregnation,  227 ;  red, 
227 

RuziCKA,  nerve-cells,  325 ;  orcein, 

229 ;  nucleoU,  325 
Rydee,  double  imbedding,  114 

S. 

Sabussow,  double  imbedding,  114 
Saceedotti,   Golgi's  impregnation, 
426 

Saepftigen,  jEchinorhyncus,  462 
Saffrosin,  192 
Safranelin,  348 

Safranin,  176-178  ;  for  elastic  tissue, 
347  ;  for  bone,  356;  for  mucus 
cells,  368  ;  for  nerves,  418  ;  with 
indigo-carmine  or  nigrosin,  195  ; 
with  Wasserblau,  196 ;  with 
Lichtgriin  or  Saure-violett,  194 ; 
with^  Kernschwarz,  228  ;  with 
hsematoxylin,  232 

Sahii,  balsam,  245 ;  hardening  nerve- 
centres,  376,  378 ;  myelin  and 
axis-cylinder  stains,  418 

Sala,  neuroceratin,  405 

Salamandra,  embryology,  302 

Salicylic  acid,  56 

Saling,  ova  of  Teneb-no,  312  ;  larvse 

of  Tenebrio,  456 
Salivary  glands,  369 
Saleind,  thymus,  372 
SalmonidDB,  embryology,  304 
Salpa,  448 

Salt  solution,  236 ;  for  maceration, 
271,  272 

Salts,  metallic,  action  of  light  on, 
213 

Samassa,  Golgi's  impregnation,  430  ; 
Ctenophora,  474 
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Samtbe,  paraffin  imbedding,  79,  87 
Sanchez,  motliylen  blue,  206  ;  neuro- 
fibrils, 397 
Sand,  neuro-fibrils,  400;  neuroglia, 
440 

Sandal-wood  oil,  72 
Sandarac  for  mounting,  247,  248 
Sandbes,  Cox's  sublimate  impregna- 
tion, 433 
Sanket,  anilin  blue-black,  384 
Sanzo,  apparatus  for  fixing,  289 
Saeagnone,  intracellular  network, 
404 

Sabcolemma,  337 
Sata,  fat,  352 

Sattiee,  silver  impregnation,  217 
Sauee,  kidney,  372 
Siiurefuchsin,  130,  183  ;  and  orange, 
184,  232  ;  and  hsematoxylin,  232 
Siiurerubin,  183 
Saureviolett,  194 
Saville  Kent,  Infusoria,  53 
Savini,  picro-Saiu-ef  iichsin,  189,  344  ; 
elastic  tissue,  347 ;  Nissl's  stain, 
388 

Sazepin,  antennte,  456 
ScAiiA,  Protozoa,  478 
ScAEPATBTTi,  axis  Cylinder-  and  cell- 
stain,  385 
ScHAEBB,  muscle-cells^  337 
Schappee,  decalcification,  280,  281, 
283  ;  reconstruction,  290 ;  retina, 
445 ;  bone,  353,  354,  356  ;  dehy- 
dration, 4 ;  paraffin  blocks,  89  ; 
lime    salts,    320;  connective 
tissue,  344 ;  plasma  cells,  351 
ScHALLiBAUM,  coUodiou,  123 
ScHANZE,  microtome,  9 
ScHAPEE,  reconstruction,  291 
Scharlaoh  E.,  352 
ScHATTDiNN,  Protozoa,  478,  479 
ScHENK,  acetate  of  uranium,  57 
ScHEWiAKOPp,  Protozoa,  478 
ScHiEPFBEDBCKEE,  clearing  agents, 
68,  71 ;  serial  sections,  119  ;  cel- 
loidin  imbedding,  103 ;  injec- 
tions, 268  ;  methyl  mixture,  275 ; 
digestion,  277  ;  retina,  445 ;  car- 
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tilage,  357  ;  muscle,  337  ;  micro- 
tome   knives,    90 ;  Weigert's 
myelin  stain,  409 
ScHLBMMBK,  silver  bath,  398 
ScHMAus,  anilin    blue-black,  384; 

nerve-stain,  384 
Schmidt,   F.,  embryology  of  Pul- 

monata,  308 
Schmidt,  G.,  metliylen  bliie,  209 
ScHMOEL,  bone,  357 ;  serial  sections, 
122 

Schneider,  Aime,  injection  of  Ar- 
thropods, 458 

SoHNBiDBB,  Anton,  aceto-carmine, 
145 

SoHNBiDEE,  E.,  iron,  320 

ScHOBBEii,  washing  apparatus,  4 

ScHOLZ,  acetone,  63 

ScHONBMANN,  Serial  sections,  124; 
reconstruction,  291 

ScHONLBiN,  Aplysia,  450 

ScHBBiBEB,  Golgi's  imi3regnation,428 

ScHBiDDB,  decalcification,  282 ;  fixa- 
tion, 288 ;  j)lasma-cells,  351 ; 
blood,  361 

ScHBOTTBB,  stains  for  nervous  tissue, 
385,  414 

ScHUBBBG,  dahlia,  ISO ;  Eomanowsky 
stain,  366,  480  ;  cilia  of  Infusoria, 
475 

ScHUBBEQ  and  Scheobdbb,  macera- 
tion, 275 

Schdltz,  smooth  muscle,  342 

Schdltzb,  p.  E.,  palladium  chloride, 
52,  227  ;  section-stretcher,  94 ; 
dehydration,  4 

ScHTJLTZB,  Max,  iodised  serum,  237  ; 
acetate  of  potash,  30,  238 ; 
retina,  445 

Schtjltzb,  O.,  ova  of  Amphibia,  302; 
hfematoxylin,  166,  168 ;  muscle 
and  tendon,  340 

ScHUMACHBB,  elastic  tissue,  348; 
spleen,  371 

Schuematbb,  Infusoria,  476 

ScHijTZ,  neurofibrils,  399 

Schwalbb,  impregnation,  213 ;  coch- 
lea, 445 
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Schv^arzb,  Cercarioe,  406 
ScHYDLowsKi,  paraffin  imbedding, 
79 

ScLAvo,  flagella,  483 
Scott,  F.  H.,  blood,  362 ;  phosph  orus, 
320 

Scott,  S.,  inner  ear,  447 

Scott  and  Osbobn,  embryology  of 
Triton,  301 

Scyphistomes,  473 

Sealing-wax  varnish,  253 

Secretion  granules,  327 

Sections,  coUodionisation,  95,  383; 
cutting  paraifin,  93  ;  ribbons  of, 
96  ;  rolUng  of,  93—95  ;  flatten- 
ing, 97 ;  mounting,  119  et  seq. ; 
reconstruction  from,  289 

Section-flattening,  97 

Section-grinding,  115 

Section-stretchers,  94 

Section- stretching,  93 — 95 

Seeligbb,  Antedon,  470 

Sehbwald,  Golgi's  impregnation, 
429,  430 

Sbidenmann,  methylen  blue,  206 
Sbiler,  carmine  and  indigo-carmine, 
229  ;  alcohol  balsam,  246  ;  de- 
calcification, 283 
Selachii,  embryolog^y,  305 ;  blood, 
237 

Selenka,  imbedding  apparatus,  79, 

88  ;  embryology,  294 
Seligmann,  methods  for  the  eye, 

442 

Serial  section  mounting,  119  et  seq. ; 

paraffin  sections,   119  et  seg. ; 

watery  sections,  125;  celloidin 

sections,  125 
Serum,  iodised,  237, 238  ;  maceration 

in,  271 
Seveebanu,  injection,  268 
Shbabbb,  nephridia,  460 
Shell,  452 

Shellac,  for  imbedding,  115,  117 ; 
varnish,  253;  injection  masses, 
268 

Sida,  ova,  313 
"  Siebdosen,"  4 


INDliX. 


521 


The  numiers  r 
SiEBENMANN,  labyrinthj  447 
Sieve-dishes,  4 

SiLBEEMANN  and  OzoEowiTZj  glyco- 
gen, 320 

Silver  nitrate,  see  Nitrate  of  silver. 
Silver,  other  salts,  216 
Siphon,  Ewald's  capillary,  4 
Siphonophora,  473 
Siredon,  embryology,  301 
Sixth  sense,  335 
SjoBBiNG,  formol,  64 
SjoVaijL,  intracellular  network,  404 
SHn,  331  et  seq. 
Skbobanskt,  aniHa  blue,  196 
Slides,  cleaning,  121,  484 
SirmNow,  tactile  corpuscles,  334; 

epidermis  of  Lumbricus,  424 
Smith,  G.,  eyes  of  Gastropoda,  451 
Smith,  Hopewell,  odontoblasts,  355 
Smith,  Loeeain,  fat,  353 
Smith,  S.,  serial  sections,  122 
Smooth  muscle,  341 
Snessaeew,  connective  tissue,  346 
Soap  imbedding,  100,  465 
SoBOTTA,  imbedding  ova,  289 ;  ova  of 

mouse,  294;  of  rabbit,  294;  of 

Salmonidse,  304 ;  of  Amphioxus, 

305 

Soda,  for  maceration,  272 ;  for  corro- 
sion, 278;  for  bleaching,  286; 
hypochlorite  of ,  see  Hypochlorite. 

Soda  carmine,  146,  384 

Sodium,  iodate,  32  ;  chloride,  236  ; 
peroxide,  285 

SoHerino,  181 

SoLGEB,  bleaching,  285 ;  salivary 
glands,  369  ;  sarcolemma,  337 

Solid  green,  194 

SoLLAs,  freezing  mass,  118 

SoNNENBEODT, bichromate  of  calcium 
liqTiid,  44 ;  ovary  of  fowl,  44 

Soulier,  maceration,  272 

S  otrzA,  pyridin,  62 

Speb,  prepared  parafiin,  99 

Sphserozoa,  479 

Spicules  of  sponges,  278,  474 

SpiELMETEE,  myelin  stain,  407 

"  Spiegelf  arbung,"  326 
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Spinal     cord,      see  Neurological 

methods. 
Spines  of  Echinoidea,  468 
Spirit-proof  cement,  251 
Spirit  blue,  195 
Spleen,  371 
Sponges,  278,  474,  475 
Sporozoa,  478,  479 

Spulee,  sublimate,  48,  51,  66; 
formol  mixture,  66  ;  iron  cochi- 
neal, 146 

S  QuiEE,  benzol,  toluol,  xylol,  73 ; 
origanum  oil,  72 ;  bluing  htema- 
toxyUn  stains,  160;  Kleinen- 
berg's  hsematoxylin,  165  ;  methyl 
green,  172;  Saui-efuchsin,  184; 
Ehrlich-Biondi  stain,  185 ;  salts 
of  gold,  219 ;  hsematoxylin  and 
Saurefuchsin,  232;  glycerin 
jelly,  242;  decalcification,  282, 
283 

S  SOBOLEW,  honing  knives,  91 
"  Stabilit,"  110 

Stahl,  immobilisation  of  Infusoria, 
476 

Staining,  in  bulk  and  on  the  slide,  7 ; 
tubes  for,  7 ;  reagents  for,  11 ; 
generalities  on,  129—142 ;  with 
carmine,  141 ;  with  hematoxylin, 
152;    -with    tar    coloui-s,  169; 
practice  of,  138  ;  old  mounts,  7  ; 
theories  of,  129 ;  progressive,  138, 
169;  regressive,  139,  173;  sub- 
s  tantive  and  adjective,  133 ;  by 
substitution,  175;  intra  vitam, 
136,  201,  203 
Stains,  combined,  228  et  seq. ;  com- 
bined, with  carmine,  229 ;  com- 
bined, with  hsematein,  231 
Stains,  kinds  of,  129;  specific,  129; 
nuclear,   130,  324;  plasmatic, 
130  ;  inverted,  135 ;  choice  of, 
140 ;     cytological,     324—330 ; 
metallic,  212—227 
Stappees,  fixation  of  Sympoda,  455 
Starch,  injection,  268 
Staeee,  osmicated  fat,  352 
Statkewitsch,  Protozoa,  476 
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Statoblasts,  306 

Staui'fachbb,  embryology  of  Cyelas, 
309 

Stein,  temporal  bone,  279,  446 

Stbinach,  sieve-dislies,  4 

Stempbll,  Sporozoa,  479 

Stepanow,  celloidin,  114 ;  double 
imbedding,  114;  freezing  me- 
thod, 118 

Stephens,  stain  for  flagella,  483 

Stephenson's  high  refractive 
medium,  243 

Steeling,  double  imbedding,  114 

Stibling,  maceration,  272 

Stoelzneb,  sublimate  solution,  48 ; 
lime  salts,  320 ;  myelin  stain, 
407 

Stohb,  eosin,  231 
Storax,  see  Styrax. 
Stobch,  Weigert's  neuroglia  stain, 
440 

Stovaine,  for  narcotisation,  462 
Stoves,  85 

Stbahubbb,  axis  cylinder  stain,  437 
Steasseb,  section- stretcher,  94 ;  col- 
lodion-paper method,  124,  128; 
gelatin  method,  125 ;  recon- 
struction, 291 ;  imbedding 
nervous  system,  383 
Stebckeb,  hardening  and  staining, 
378 

Stebetee,  myelin  stain,  414 
Steicht,  van  dee,  bergamot  oil  and 
fatty  granules,  71 ;  decalcifica- 
tion, 283 ;  ova  of  Turbellaria, 
314 

Steickee,  gum  imbedding,  115 

Steoebb,  myelin  stain,  418 

Stbong,  fixing  nerve-centres,  382 ; 
Golgi  impregnation,  427 ;  myelin 
stain,  415,  417  ;  fixing  mixture, 
67 

Steopeni,  plasma  cells,  350 
Studnicka,  connective  tissue,  346 
Stylaria,  18 
Styrax,  248 
Sublamin,  51 

Sublimate,   corrosive,  generalities. 
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45 ;  fixation  with,  45  et  seq. ; 
acetic    solutions,   45 ;  various 
mixtures,  47, 48, 50, 66 ;  alcoholic, 
48;  preservative  liquids,  239; 
hardening,  381 
Substantive  staining,  133 
Substitution  in  staining,  175 
Subtriessig,  56 

Suchajjnek.  sieve-dishes,  4;  berga- 
mot oil,  71 ;  anilin  oil,  73  ;  serial 
sections,  119;  Venice  turpentine, 
246 

Sudan  III,  352 
Sdlima,  chloreton,  15 
Sulphate  of  copper,  for  fixing,  43, 
303,  473 ;  for  staining,  227 ;  for 
impregnation,  437 
Sulphate  of  chromium,  380 
Sulphate  of  iron,  156 
Sulphate  of  magnesia,  narcotisation, 
17 

Sulphide  of  carbon,  82,  235 
Sulphides  for  impregnation,  227 
Sulphindigotate  of  soda,  229 
Sulphocyanides,  272 
Sulphorhodamin,  138 
Sulphur,  refractive  index,  235 
Sulphuric  acid,  for  maceration,  275 
Sulphurous  acid,  for  bleaching  osmic 
material,   31 ;    for  bicliromate 
ditto,  42,  285;  for  fixing,  44; 
for  decalcification,  282 
SuMiTA,  iron,  320 
SuMMBES,  ether  method,  125 
Sunning  metallic  salts,  213 
SuscHKiN,  embryos  of  birds,  297 
SussDOEF,  mucin,  368 
SusuKi,  dehydration,  4 
Syrup,  mounting  media,  238 ;  for 

freezing,  117, 118 
SziiTZ,  alizarin  stain,    198 ;  gold 
method,  225 ;  mito-chondria,  330 


Tachiol,  397 
Tactile  corpuscles,  334 
Tsenia,  465  ;  ova,  314 
Taenzee,  elastic  tissue,  347 
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Tapani,  inner  ear,  447 
TAaucHi,  injection,  267 
"Tal,"  Golgi's  sublimate  method, 
433 

Tandleb,  injection,  264 

Tannin,  examination  medium,  239; 

for  demonstrating  cilia,  477 
Tar  colours,  169  et  seq. 
Tardigrada,  458 . 

Taetuperi,  cornea,  336  ;  retina,  444 

Teeth,  354-356 

Tegumentary  organs,  331 — 336 

Teichmakn,  white  injection,  262; 
linseed  oil  injection,  268 

Teleostea,  embryology,  303 

Teljatnik,  myelin  stain,  417 

Telltbsnickt,  nitric  acid,  39 ;  acetic 
bichromate,  42  ;  formol  mixture, 
65  ;  toning  bath,  392 

Telsons,  456 

Tendon,  340  e<  seq. 

Tenehrio,  ova,  312  ;  larvae,  456 

Terpinol,  72  ;  index,  235 

Test-cells  of  Ascidians,  306 

Tetrachloride  of  carbon,  81,  82 

Thanhopfee,  sUver  nitrate,  217 

Thatb,  microtome,  10 

Theohaki,  graniiles,  323 

Theridium.-iovii,  312 

Thieesch,  indigo-carinine,  229  ;  car- 
mine injection,  261  ;  Prussian 
blue  injection,  262 ;  green  and 
yellow  injection,  262 

Thimbles,  paper,  78 

Thin,  retina,  271 

Thionin,  179 ;  for  impregnation,  210  ; 
for  nerve-cells,  388 ;  for  mucus- 
ceUs,  368 

Thiophen  green,  194 

Thoma,  microtome,  9 ;  decalcifica- 
tion, 281 ;  corrosion,  277 ;  injec- 
tion, 260 

Thome,  Ehrlich-Biondi  atain,  185 

Thread-cells,  470 

Thus,  gum,  248 

Thyme  oil,  72 

Thymus,  372 

Tigroid  bodies,  386—389,  398 
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TiMOFEJEW,  hardening  nerve-tissue, 
381 ;  methylen  blue,  210  ;  liver, 
371 

Tin  hasmatoxylin,  168 

Tintinnodea,  478 

TiRMANN,  iron,  320 

TiscHATKiN,  dehydration,  4 

TizzoNi,  alum-carmine,  143 

Tobacco  narcotisation,  13,  17,  317 

ToisoN,  blood,  362 

Tolu  balsam,  235 ;  cement,  253 

Toluen,  see  Toluol. 

Toluidin  blue,  chromatin  stain,  180 ; 
for  impregnation,  210;  for  nerve- 
cells,  388;  for  neuro-fibrils,401 
for  myelin,  414 

Toluol,  for  clearing,  73  ;  for  imbed- 
ding, 81 ;  for  preserving,  5 

ToMASELLi,  neuro-fibrUs,  402 

Tongue,  of  frog,  335  ;  of  rabbit,  335 

Toning  baths  for  silver  stains,  392, 
393,  397,  398,  399,  431 

ToNKOPP,  bleu  de  Lyon,  196 

ToENiEE,  hsematoxylin  and  subli- 
mate, 166 

Torpedo,  339 

Tortoise,  embryology,  299 
ToTTENEnx  and  Hbeemann,  silver 

impregnation,  216 
TowEE,  Cestodes,  465 
TozBE,  Rotifers,  462 
Trachese,  456 
Tracheata,  455 

Teambusti,  Ehrlich-Biondi  stain, 
186 

Trays  for  imbedding,  77 
Trematodes,  465  ;  embryology,  315 
Teenkmann,  stain  for  flagella,  483 
Tbezebinski,  ganglion  cells,  381 
Triacid  mixture,  187 
Trichinae,  463 

Trichloracetic  acid,  56,  282 
Trichlorlactic  acid,  56 
Trichohyalin,  333 
Trilon,  embryology,  301 
Trypanosomes,  480 
Trypsin  digestion,  276,  277 
TsCHBENiscHEPF,  colloxylin,  103, 114 
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TscHBBNYSCHBw  and  Kabusin,  nerve- 
stain,  412 
TscHisCHj  liquid  of  Erlicki,  43 
ToBBT,  celloidin,  104 
Tubes  for  staining  on  slide,  7 
Tdllbbbg,  narcotisation,  17 
Tunicata,  448;    embryology,  306; 

gemmation,  306 
Turbellaria,  466;  embryology,  306, 
314 

Tiirpentine,  cement,  252 

Turpentine,  oil  of,  for  clearing,  72  ; 
for  imbedding,  81  ;  for  mount- 
ing, 247 

Turpentine,  Venice,  246;  cement, 
252 

TwoET,  stain  for  blood-parasites, 
480 

TJ. 

Uexkull,  asphyxiation,  18 
TJnubbwood,  teetli,  356 
Unio,  ova  and  glochidia,  309 
Unna,  osmic  mixtui-e,  32;  washing 
out  chromic  objects,  33  ;  ripen- 
ing hsematoxylin,  152 ;  hssma- 
toxylin  solution,  162,  164 ;  tera- 
tohyalin,  333 ;  plasma  fibrils, 
332  ;  smooth  muscle,  341 ;  con- 
nective tissue,  344,  345  ;  plasma 
cells  and  Mastzellen,  349,  350 ; 
elastic  tissue,  347  ;  fibrin,  368  ; 
mucin,  368 ;  celloidin,  103 ; 
prickle  cells,  332;  glycerin 
ether,  349  ;  oil  of  Gaultheria, 
72;  carbol-pyronin,  183;  poly- 
chrome methylen  blue,  199; 
digestion,  320  ;  "Wasserblau  and 
orcein,  332,  334,  341,  344 ;  tyro- 
sin,  334 ;  orcein  for  elastic  tissue. 
347 

Unna  and  Golodetz,  iron  stain, 

227 ;  keratohyalin,  333 
Upson,  impregnation  methods,  384, 

436 

Uraniiuu,  acetate,  57 

Ussow,  ova  of  Cephalopoda,  307 
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V. 

Vacuum  imbedding,  85,  86 
Valle,  Dblla,  Amphipoda,  313 
Van  Benbden,  see  Benbden  ;  and 
for  all  names  with  the  prefix 
VAN  see  the  patronymics. 
Vanadium  chloride  stain,  435 
Vanadivim  hematoxylin,  167 
Varnish,  negative,  for  mounting, 
248 

Varnishes,  249  et  seq. 

Vaso-dilators  for  injections,  257, 453 

Vassalb,  Weigerfs  nerve-stain,  409 ; 
Marchi's  nerve  stain,  415 

Vassalb  and  Donaggio,  Golgi's  im- 
pregnation, 428 

Vastaeini-Cebsi,  meduUated  nerve, 
417  ;  section  cutting,' 94  ;  glyco- 
gen, 320 ;  cartilage,  357 

Vejas,  nerve-tissue,  384 

Vejdovskt,  Gordius,  463 

Vendbeovic,  Marchi's  nerve  stain, 
416 

Venice  turpentine,  for  mounting, 

246 ;  cement,  252 
Ventral  cord,  of  Arthi-opods,  457 
Vbeatti,  Golgi  impregnation,  403 
VBBHOBFr,  elastic  tissue,  348 
Veretillum,  13 
Veridine,  170 

Vermes,  458  et  seq. ;  embryology, 
314—316 

Vert  en  cristaux,  v.  lumiere,  v. 

d'Eusebe,  v.  d'alcali,  170 
Vbevtoen,  Cristatella,  15 
Vesiivin,  172 

Viallanbs,    collodion  imbedding, 

107  ;  gold  method,  221 ;  eyes  of 

Palinurus,  458 
ViALLBTON,  ova  of  fowl,  298 ;  of 

Cephalopods,  307 
Victoria  blue,  180 
Victoria  green,  194 
ViGNAL,  osmic  acid,  31 
ViLLB,  carmine  injections,  260 
Violet  B,  196  ;  of  Lauth,  179 
ViBCHOW,  action  of  light  on  clu-omic 

objects,  33 
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VisibiKty,  index  of,  234,  245 

VivANTB,  bone,  356 

VoGT  and  Yung,  Annelids,  458 ; 
Gephyrea,  461 ;  Cestodes,  464 ; 
Holothnrids,  467 

VoLK,  peroxide  of  hydrogen,  18; 
Eotifers,  461 

Voir  Eath,  picro-siiblimate  mix- 
tures, 50 ;  osmio-sublimate,  50  ; 
picro  -  osmie  acid,  59  ;  picro- 
platinic  mixtures,  59 

Von  Ebneb,  see  Ebnee  ;  and  for  all 
names  with  the  prefix  von  see 
the  respective  patronymics. 

VorticeUidee,  16 

VosMAEE,  section  grinding,  116  ;  re- 
construction, 290 

VosMAEE  and  Pekelhabing,  sponges, 
474 

VossELEE,  Venice  turpentine,  246; 
wax  feet,  270 ;  cement,  252 

W. 

Waddington,  narcotisation,  14  ;  fix- 
ing Infusoria,  44 ;  demonstrating 
cilia,  477 

Waite,  ova  of  Homarus,  313 

Waldeter,  ^decalcification,  280 ; 
cochlea,  447 

Walsem,  van,  knife  warmer,  93 ; 
paraffin,  99  ;  nerve-stain,  414 

"Ward,  asphyxiation,  18 ;  Sipunctilus, 
461 

Ward's  brown  cement,  250 

Washburn,  embryology  of  Gastro- 
poda, 308 

Washing  out  fixing  Uquids,  2,  25,  32 

Wasielewskt,  Sporozoa,  479 

Wasserblau,  196,  345,  341 

Wasseemann,  iron,  320 

Watasb,  ova  of  Cephalopoda,  307 

Water,  fresh  or  warm,  for  killing, 
18 ;  refractive  index,  235 ;  sea- 
water,  do.,  235  ;  as  an  examina- 
tion medium,  236;  method  for 
serial  sections,  119 ;  test  for,  62 

Water-baths,  85 

Water-blue,  196 
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Wax  feet,  270 

Webb,  dextrin  freezing  mass,  118 
Weubu,  a.,  serial  sections,  125 
Weber,  E.,  Rotatoria,  461 ;  Echino- 

idea,  468  ;  Siphonophora,  473  ; 

Asteroidea,  468 ;  Holothurida, 

468 

Webster,  naphtha  for  imbedding, 
82 

Wedl,  orchella,  229 

Weidenreich,  eleidin,  333 ;  blood, 
360 ;  spleen,  371 

Weigeet,  serial  sections,  127  ;  clear- 
ing celloidin.  111  ;  Bismarck 
brown,  172  ;  picro- Saurefuchsin, 
189,  233  ;  varnish,  for  mounting, 
248  ;  hardening  nerve  centres, 
375,  377 ;  stain  for  nuclear 
figiires,  159 ;  myelin  stains,  408 
— 414,  415  ;  Golgi's  impregna- 
tion, 425  ;  ne^^roglia  stain,  438  ; 
elastic  tissue,  348 ;  fibrin  stain, 
367 ;  iron  hsematoxylin,  159,  233 

Weil,  section-grinding,  117  ;  teeth, 
355 

Weiss,  P.,  address,  11 

Welcke,  flagella,  483 

Wellheim,  Pfeifpee  von,  iron-car- 
mine, 145 

Weemel,  blood,  362 

Werner,  smooth  muscle,  342 

Wester,  chitin,  456 

Wetsse,  embryology  of  Sus,  294 

Whartonian  jelly,  368 

Wheelee,  embryology  of  Blattida, 
311 

Whetting  knives,  91 
White,  bone  and  teeth,  354 
White  of  egg,  freezing  method,  118; 
section  fixatives,  122,  123 ;  exa- 
mination media,  237,  239 ;  in- 
jection mass,  267;  refractive 
index,  235 
Whiting,  spleen,  371 
Whitman,  chromo-platinic  mixtui-e, 
40  ;  ova  of  Amphibia,  300,  302  ; 
pelagic  ova,  305 ;  Hirudinea,  460 
Wickebsheimee's  fluid,  239 

34 
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WiDAKOWiOH,  embryology  of  mouse, 
295 

WiDMANN,  eyes  of  Ai-aclinida,  458 
WiJHE,  VAN,  ammonia-carmine,  146  ; 

picro-carmine,  147  ;  cartilagi- 

novis  skeletons,  358 
WiLHELMi,  Triclads,  67,  467  ;  double 

imbedding,   114;  picroSaure- 

fuchsin,  189 
Will,  embryological  methods,  299 

WiLLE  BRAND,  blood,  363 

WiMMEB,  neuroglia,  440 

WiNiwABTEU,  embryological  me- 
thods, 295 

WiNiwAETEE  and  Sainmont,  orange 
method,  189 

"Wilson,  Alcyonaria,  472 ;  orienta- 
tion, 87  ;  imbedding  box,  79 

WiNTEKSTEiNEE,  serial  sections,  128 

WisTiNGHAUSEN,  VON,  hffimatein 
stains,  160 

Witt,  de,  elastic  tissue,  348 

WiTTMAACK,  myelin  stain,  417;  inner 
ear,  446 

Wolff,  Elise,  staining  bichromate 
material,  42;  thionin  stains, 
180  ;  fibrin,  368  ;  elastic  tissue, 
347 ;  orcein,  229 

Wolff,  M.,  freezing,  117 

Wolff,  W.,  bladder  of  frog,  342 

WoLFEUM,  elastic  tissvie,  348 

Wollschwartz,  481 

WoLTEES,  hsematoxylin  nerve-stain, 
412;  vanadium  nerve-stain,  435  ; 
cartilage  and  bone,  357 

Woodland,  Holothurids,  468 ;  larvae 
of  Bchiaoderms,  470 

WooDWOETH,  orienting  in  paraffin, 
87 ;  reconstruction,  290 

Weight,  blood  -  cells,  367  ;  blood- 
plates,  367 

WxiNDEEEB,  nerve-endings,  338 

Wtnn,  nerve-stain,  412 
X. 

Xylol,  index  of,  235;  for  clearing 
paraffin  sections,  73;  celloidin 
sections.  111 ;  for  imbedding,  81, 
82,  83  ;  for  preserving,  5 
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Xylol  balsam,  235,  245 
Y. 

Yamaqiwa,  neuroglia,  442 
Young,  methylene  blue,  206 
YvoN,  test  for  water,  62 


Zaoharias,  acetic  alcohol,  55 ;  iron- 
carmine,  146 ;  Flagellata,  481 ; 
Copepoda;  454 

Zaleski,  iron,  320 

Zandee,  test  for  Chitin,  456 

Zawaesin,  cornea,  336 

Zenkbe,  fixing  mixtiu-e,  50 

Zeenecke,  Ligula,  465 

Zettnow,  flagella,  483 

Zieqlee,  decalcification,  282 

Zieqwallnee,  glycogen,  320 

Ziehen,  gold  and  sublimate  method, 
434 

ZiEHL,  carbolic  fiichsin,  181 
ZiELiNA,  blood,  359 
ZiMMEE,  picro-acetic  acid,  58 
ZiMMEEMANN,  A.,  sieve-dishes,  4; 

micro-chemistry,  321;  nucleoli, 

324 

ZiMMEEMANN,  K.  W.,  Golgi's  impreg- 
nation, 431;  bone,  355;  con- 
nective tissue,  346 

Zinc  chloride,  for  fixing,  53 ;  for 
hardening,  381;  for  impregna- 
tion, 436 

Zinc,  detection  of,  320 

Zoantharia,  472 

ZoGBAF,  Eotatoria,  462;  Protozoa, 
478 

ZojA,  methylen  blue,  202;  ova  of 
Ascaris,  315;  Protozoa,  478; 
bioblasts,  328 

ZscHiESCHE,  larvse  of  Alcyonidium, 
449 

ZscHOKKE,     benzo-purpurin,     191 ; 

cartilage,  357 
ZuE  Strassen,  ova  of  Ascaris,  315 ; 

Bradynenia,  463 
ZiJEN,  retina,  444 
ZwAAKDKMAKEE,  safraniu,  177 
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